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The movement of signal transduction enzymes in and out of
multi-protein complexes coordinates the spatial and temporal
resolution of cellular events. Anchoring and scaffolding pro-
teins are key to this process because they sequester protein
kinases and phosphatases with a subset of their preferred sub-
strates. The protein kinase A-anchoring family of proteins
(AKAPs), which target the cAMP-dependent protein kinase
(PKA) and other enzymes to defined subcellular microenviron-
ments, represent a well studied group of these signal-organizing
molecules. In this report we demonstrate that the Rab27a
GTPase effector protein MyRIP is a member of the AKAP fam-
ily. The zebrafish homolog of MyRIP (Ze-AKAP2) was initially
detected in a two-hybrid screen for AKAPs. A combination of
biochemical, cell-based, and immunofluorescence approaches
demonstrate that the mouse MyRIP ortholog targets the type II
PKA holoenzyme via an atypical mechanism to a specific
perinuclear region of insulin-secreting cells. Similar approaches
show that MyRIP interacts with the Sec6 and Sec8 components
of the exocyst complex, an evolutionarily conserved protein unit
that controls protein trafficking and exocytosis. Thesedata indi-
cate that MyRIP functions as a scaffolding protein that links
PKA to components of the exocytosis machinery.

When and where enzymes become active influences the cel-
lular processes they control. As a result, sophisticated molecu-
lar mechanisms have evolved tomanage the spatial and tempo-
ral synchronization of signal transduction pathways (1).
Scaffolding and anchoring proteins target protein kinases and
phosphatases to subcellular environments where they control
the phosphorylation state of neighboring substrates (2–4). Pro-
tein phosphorylation events potentiate the relay of intracellular
signals by propagating localized changes in cellular activity (5).
Movement of enzymes in and out of these complexes contrib-
ute to the synchronization of signaling events (6). Prototypic
examples of these signal-organizing molecules are the protein
kinaseA-anchoring proteins (AKAPs),2 which compartmental-

ize cAMP-dependent protein kinase (PKA) and other enzymes
(6, 7).
The firstAKAPwas identifiedwhen itwas demonstrated that

type II PKA co-purified with microtubules and that the RII
subunit bound to the microtubule-associated protein MAP2
(8). Many more of these RII-binding proteins have subse-
quently been detected by an overlay technique to screen nitro-
cellulose membranes of immobilized proteins using the puri-
fied RII subunit as a probe (9). This technique has been adapted
to screen phage cDNA libraries and clone novel AKAPs (10–
14). To date over 50 different AKAP forms have been identified
that function to compartmentalize the type I and type II PKA
holoenzymes (reviewed in Refs. 7 and 15). Two important prin-
ciples have emerged from thiswork:AKAPs bind theR subunits
through a common anchoring region (16–19), and each
anchoring protein is targeted to a unique localization in a given
cell type by an identifiable targeting motif (13, 20–24).
Another feature of AKAPs is their ability to interact with

several signaling proteins (25, 26). By simultaneously tethering
PKA with enzymes such as phosphatases, phosphodiesterases,
small molecular weight GTPases, and other protein kinases,
these multivalent anchoring proteins create focal points for the
processing of intracellular messages (27–32). In this report we
show that zebrafish and mammalian orthologs of the MyRIP
(myosin Va-Rab27a-interacting protein) function as kinase
A-anchoring proteins. Other studies reveal that MyRIP also
interacts with the exocyst complex, an evolutionarily conserved
octameric protein unit that is an integral element of the vesicle-
dockingmachinery at sites of regulated and constitutive exocy-
tosis (33–37).

EXPERIMENTAL PROCEDURES

Yeast Two-hybrid Assay—The 48-h zebrafish cDNA
HybriZAP-2.1 XR library (kindly provided by Dr. David Ran-
som) was excised and amplified as detailed by Stratagene. A
two-hybrid screen as described by Hollenberg et al. (38) was
initiated using 1–45 Rze (a murine PKA RII ortholog) fused to
the LexA-binding domain in pLexA vector as bait (pLexA Rze
1–45). The bait plasmid was introduced into the L40 yeast
strain to screen a total of 2� 106 transformants to ensure com-
plete coverage of the library. Two-hybrid interactions were first
detected by growth of the L40 strain on SD lacking histidine and
supplemented with 3 mM 3-amino-1,2,4-triazole. All positive
clones were further screened for lacZ expression by filter lift
assay according to the manufacturer’s protocol (Stratagene).
The LEU2-marked library plasmid was rescued, amplified in
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bacteria, digestedwith a variety of enzymes, and classed accord-
ing to restriction pattern. Representatives from each class were
retransformed into L40 along with the pLexA Rze 1–45 plas-
mid. In every case, retransformation was accompanied by
complementation of the strain toHis prototrophy. Library plas-
mids were then sequenced to identify the RII-interacting pro-
tein. In total, seven unique genes were represented.
Zebrafish Reverse Transcription-PCR and 5/3�-RACE—Total

RNA was extracted from 24-, 48-, 72-, and 102-h zebrafish
embryos using TRIzol (Invitrogen) and further purified using
RNAeasy (Qiagen) according to the manufacturer’s protocols.
Poly(A)� mRNA was isolated from total RNA using Oligotex
(Qiagen) and was used as a template for synthesis of single
strand 5�-RACE and 3�-RACE cDNA libraries using the
SMART RACE cDNA amplification kit (BD Biosciences, Clon-
tech) according to the manufacturer’s protocols. 3�- and
5�-RACE PCR was carried out using the Advantage-GC 2 PCR
kit (BD Biosciences, Clontech).
To clone the Rze, 3�-RACE was performed using nested

primers 5�-GATCTCTGCACAACCCCTACTACTG-3� and
5�-CACCATGAGTATTGAGATTCCAGTCGGG-3�, which
were designed according to a murine PKA RII-like zebrafish
EST sequence fw80b12.x1 (GenBankTM accession number
BM317066). A 1.5-kb band was cloned into pENTER/SD/D
(Invitrogen), and the resulting clone, Rze, was sequenced. The
coding region is identical to a cDNA clone sequence (Gen-
BankTM accession number BC124725) that was submitted dur-
ing the course of this study.
Zebrafish Ze-AKAP2 was cloned by 5�-RACE using nested

primers 5�-GATTTCTAAGTCTCGCTCAATCTCTGAT-
TGTC-3� and 5�-CCTGTTTCTTCTCGACCTGCATCTCG-
3�, which were designed according to the 1551-bp fragment
obtained in the two-hybrid screen. PCR products were cloned
into pCRII-TOPO using the TOPOTA cloning kit (Invitrogen)
for sequencing, and the resulting clone, Ze-AKAP2, was
sequenced (GenBankTM accession number EF694835).
Plasmids—Full-length MyRIP was PCR-amplified from a

mouse cDNA library (BD Biosciences, Clontech) and cloned
into pCRII-TOPOusing primers 5�-CACCATGGGGGAAGC-
TGGACCTGTGGGG-3� and 5�-TCAGTACATCACAGCTG-
ACTCCAGATCAG-3�. For the mammalian expression con-
structs, full-length MyRIP was PCR-amplified and cloned
directly into pcDNA3.1D/V5-His-TOPO (Invitrogen) using
the same primers as above. The MyRIP fragments were PCR-
amplified and cloned into pENTR/SD/D-TOPO for use as an
entry clone in the Gateway system (Invitrogen). MyRIP frag-
ments (1–153, 1–300, 153–856, and 490–856) were shuttled
from pENTR/SD/D-TOPO into pcDNA3.1/nV5-DEST, an
N-terminal V5-tagged destination vector for mammalian
expression according to the manufacturer’s instructions. The
remaining twoMyRIP fragments (153–495 and 300–856)were
PCR-amplified and cloned directly into pcDNA3.1D/
V5-His-TOPO. pcDNA3.1D/V5-His-mouse MyRIP V197P,
I206P, I236P, and I245P were generated by site-directed
mutagenesis as per the manufacturer’s instructions (Strat-
agene) using primers 5�-GGCTGTGGCCCTACGACCGGC-
GAGGCCATCG-3�, 5�-GAAGAGGCCATCGAGGAGGCC-
CCTTCCAAAGCGAATC-3�, 5�-GAGCTAACTGAGGAGC-

CGGCCGGCACCATCCTG-3�, 5�-CCATCCTGCAGAGGA-
TTCCAAGAAAGCAGAAGG-3�, and their complements,
respectively. pcDNA3.1D/V5-His-HumanMyRIP-FLAG �194–
210, MyRIP �233–248 and MyRIP �194–210 �233–248 were
also generated by site-directed mutagenesis using primers
5�-GTGATGGACACCTTGGCTGTGGACATAGGGGACA-
GCCTG-3�, 5�-CGGGACCACAAGGAGGAGCTAAAGAGC-
AAAAGTGAGCAGCAAG-3�, and their complements,
respectively. pcDNA3.1/V5-His-AKAP-IS-GFP, pcDNA3.1/V5-
His-Scrambled AKAP-IS-GFP, and pFOX.CMV/hGH (hGH
sequence under control of the cytomegalovirus promoter) were
generated in previous studies (39, 40). pET48 EK/LIC-HIS-
MyRIP110–305, pGEX-4T1-Hs MyRIP 1–383, and pGEX-4T1-
ZeAKAPs for expression in bacteria and pLexA Rze 1–45 for
expression inyeastweregeneratedbyPCRamplification.Phogrin-
EGFP was a gift from Dr. Guy A. Rutter (41), and pLexA Wave1
was a gift fromDr. Scott H. Soderling.
Cell Culture and Transfections—The clonal �-cell line INS-

1(832/13) (42) was cultured (passages 48–60) in RPMI 1640
(Invitrogen) that contained 11 mM glucose and supplemented
with 10%heat-inactivated fetal bovine serum, 10mMHepes, pH
7.4, 2 mM glutamine, 1 mM sodium pyruvate, 50 �M 2-mercap-
toethanol, 100 units/ml penicillin, and 100 �g/ml streptomy-
cin. The cells were grown in 10-cm tissue culture dishes at 37 °C
in 5% CO2 and passaged every 5 days using 1 ml of 0.05% tryp-
sin-EDTA. Transfections of INS-1 cells were performed on
cells at 50–75% confluence using Lipofectamine 2000 (Invitro-
gen), according to the manufacturer’s instructions. The cells
were harvested 24 h post-transfection.
HEK293 cells at 50–75% confluence were transfected using

Lipofectamine Plus (Invitrogen), according to the manufacturer’s
instructions. The cells were harvested 24 h post-transfection.
Antibodies—The following primary antibodies were used in

this study: monoclonal anti-V5 and anti-V5 conjugated to
horseradish peroxidase (Invitrogen), monoclonal anti-GFP
(B2) and rabbit anti-PKAcatalytic subunit (SantaCruzBiotech-
nology), mouse anti-Sec6 (Stressgen), mouse anti-RII�, PKA
catalytic subunit, and anti-Sec8 (BD Biosciences). For indirect
immunocytochemistry of INS-1 cells, the primary antibodies
used were mouse anti-PKA RII (BD Biosciences), guinea pig
anti-insulin (Chemicon), mouse anti-Sec8 and anti-Sec6
(Stressgen), secondary antibodies were Texas Red-conjugated
donkey anti-rabbit IgG (Jackson ImmunoResearch), Alexa
Fluor 488 goat anti-mouse IgG, Alexa Fluor 488 goat anti-
mouse IgG, and Alexa Fluor 568 goat anti-guinea pig (Invitro-
gen and Molecular Probes).
Generation of MyRIP Antisera—Antibodies to MyRIP were

generated in two rabbits using recombinant His-tagged mouse
MyRIP (110–305) as the immunogen (Rockland), resulting in
two antibody preparations, 7445 and 7839. For affinity purifi-
cation, glutathione S-transferase-tagged humanMyRIP (amino
acids 1–383) was immobilized on resin (Affi-Gel 15) and incu-
bated at 4 °C for 2 h withMyRIP antiserum (7445). The affinity
resinwaswashedwith 20ml of PBS and 30ml of PBS containing
0.5 M NaCl. Bound antibodies were eluted with 10 ml of 0.1 M

glycine, pH 2.5; 1-ml fractions were collected; and 50 �l of Tris,
pH 9.5, was added to each fraction.
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Immunocytochemistry—INS-1(832/13) cells were cultured
on glass coverslips coatedwith 0.2mg/ml poly-L-lysine for 24 h.
The cells were fixed in 4% paraformaldehyde and incubated 20
min at room temperature. The cells were washed once in PBS
and incubated in staining solution (0.2% bovine serumalbumin,
1% fish gelatin (Sigma), 0.1% Triton in PBS) overnight at 4 °C.
Primary antibody (polyclonal MyRIP, 1:100; monoclonal PKA
RII, 1:500; monoclonal Sec8, 1:100; monoclonal Sec6, 1:400;
and polyclonal insulin, 1:500) in staining solution was then
added for 2 h at room temperature, and the cells were washed
three times with PBS for 10min each. The cells were then incu-
bated with the appropriate fluorescent secondary antibodies in
the samemanner. After three PBS washes, the cells were rinsed
with water and mounted onto glass slides using ProLong Gold
antifade reagent with DAPI (Molecular Probes).
AutoSpot Peptide Array and RII Overlay—Peptide arrays

were synthesized on cellulose membranes with an Auto-Spot
RobotASP 222 (AbiMed) as described previously (44). RII over-
lays were performed using either [32P]Rze or murine [32P]RII�
as previously described (10).
Immunoprecipitations and PKA Activity Assay—The cell

extracts were prepared by washing cells with cold PBS and fol-
lowed by scraping cells in 1ml of cold lysis buffer (25mMHepes,
pH 7.5, 150 mM NaCl, 1 mM EDTA, 0.5% Triton X-100) plus
protease inhibitors (1 tablet/10 ml complete mini, EDTA free
protease mixture (Roche Applied Science)), and centrifuged at
16,000 � g for 15min. 50 �l of prewashed protein G or A beads
(50% slurry; Upstate) and 3 �g of antibody was added to the
extract and incubated for 2 h at 4 °C. The beads were washed
once with 1 ml of lysis buffer, three times with 1 ml of lysis
buffer plus 1 M NaCl, and once with 1 ml lysis buffer. PKA
kinase assays were performed as previously described (45). For
immunoprecipitation of endogenousMyRIP, cell extracts from
10 tissue culture dishes (10-cm) were prepared as described
above and pooled. Immunoprecipitations of MyRIP using
the anti-MyRIP polyclonal antibody were carried out as
described above.
hGH Secretion Assays—INS-1(832/13) cells in 10-cm dishes

at 70% confluence were co-transfected with 60 nM MyRIP
siRNA (Dharmacon Mouse MyRIP siGENOME Duplex) or 60
nM control siRNA (BLOCK IT Fluorescent oligonucleotide)
and 10 �g of hGH-expressing vector (40) using Lipofectamine
2000. Twenty-four hours after transfection, the cells were plated
in 24-well plates at 3.5 � 105 cells/well. After 48 h, the
cells were washed once with 1 ml of Krebs-Ringer Hepes buffer
(KRBH; 25 mM Hepes, pH 7.4, 5 mM NaHCO3, 1.2 mM MgSO4
(7H2O), 1.2 mM KH2PO4, 4.74 mM KCl, 125 mM NaCl, 1 mM
CaCl2) supplemented with 2 mM glucose and preincubated for
1 h in 2 mM glucose KRBH at 37 °C and 5% CO2. The cells were
then incubated 1 h in 1ml of either 2mM glucose KRBH, 20mM
glucose KRBH, 20 mM glucose KRBH supplemented with 1 �M
forskolin, 2mM glucose KRBH supplementedwith 1mM IBMX,
20 mM glucose KRBH supplemented with 1 mM IBMX, or 20
mMglucose KRBH supplementedwith 1�M forskolin and 1mM
IBMX. Culture supernatants were collected, centrifuged 10
min at 3000 rpm at 4 °C, and frozen at �80 °C until assayed for
hGH. After collection of secretion samples, the cells were har-
vested in 2 M acetic acid containing 0.25% bovine serum albu-

min, subjected to three freeze/thaw cycles, and centrifuged at
20,000 � g for 20 min to remove cell debris. Analysis of hGH
content in secretion samples and cell homogenates was per-
formed using hGH enzyme-linked immunosorbent assay
(Roche Applied Science). The data are presented as ratios of
secreted hGH to total hGH content/well.

RESULTS

Characterization of Zebrafish AKAPs—AKAPs are often
classified by their ability to bind the regulatory subunits of PKA
in a solid phase assay known as the RII overlay (9, 10). To deter-
mine whether AKAPs were expressed in developing zebrafish,
two-day old embryo extracts were separated on SDS-PAGE
gels, transferred to polyvinylidene difluoride membranes, and
subjected to an overlay procedure using purified 32P-radiola-
beled zebrafish regulatory subunit (Rze) as a probe. Several Rze-
binding bands were detected that ranged in size from 60 to 200
kDa (Fig. 1A, lane 1). Mammalian AKAPs bind their R subunits
through an amphipathic helix (16). These protein-protein
interactions can be blocked with anchoring inhibitor peptides
that compete for binding with the R subunit (39, 46). Preincu-
bation with the anchoring inhibitor peptide, AKAP-IS, blocked
Rze interaction with zebrafish AKAPs (Fig. 1A, lane 2). In con-
trast, preincubation with a control peptide (scrambled AKAP-
IS) had no effect on theRze/AKAP interactions (Fig. 1A, lane 3).
Collectively, these results suggest that zebrafish expressAKAPs
and that the topology of the Rze/anchoring protein interface is
similar to its mammalian counterparts. This latter view is also
substantiated by evidence that zebrafish Rze is 71% identical to
its mouse RII ortholog (Fig. 1B and Ref. 47).
Biochemical and structural studies have defined the first 45

amino acids of RII as a docking and dimerization domain that
forms the AKAP-binding site (18, 19, 48, 49). The correspond-
ing region in Rzewas used as bait to screen a zebrafish two-day-
old embryonic cDNA library using the yeast two-hybrid assay
(Fig. 1B, inset). Of the 1.9 � 106 transformants screened, 393
candidates activated both the lacZ and HIS reporters. In total,
seven unique genes were represented (Fig. 1C). Two of these,
Ze-Mtg8 and Ze-D-AKAP2, have mammalian homologs previ-
ously characterized asAKAPs (Fig. 1C andRefs. 50 and 51). The
remaining five genes were named Ze-AKAP1–5 (zebrafish
AKAP). Bacterially expressed protein fragments of each puta-
tive Ze-AKAP were screened for RII binding using the overlay
assay. Five of the seven candidate proteins bound Rze (Fig. 1D,
top panel). Control experiments confirmed that Rze binding
was blocked upon preincubation with AKAP-IS (Fig. 1D, top
and middle panels), whereas the addition of a scrambled pep-
tide control did not affect the interaction with Rze (data not
shown). Approximately equal amounts of each bacterially puri-
fied zebrafish protein were used in the overlay (Fig. 1D, bottom
panel).
We chose to concentrate on a 517-amino acid fragment

named Ze-AKAP2. Full-length Ze-AKAP2 was cloned from a
zebrafish cDNA library by 5�-RACE. This cDNAencodes a pro-
tein of 856 amino acids that shares 35% identity with a human
GTPase effector protein known as MyRIP (Ref. 52 and Fig. 1E).
Most of the sequence homology lies in the N-terminal quarter
of these proteins. The first 150 residues encompass a domain
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that binds to theGTPase Rab27a. This region is followed by two
conserved sequences with similarity to PKA-anchoring sites on
knownAKAPs (Fig. 1E). A series of experiments confirmed that
recombinant full-length Ze-AKAP2 functioned as an AKAP
inside cells; however, when the Ze-AKAP2 gene expressionwas
targeted for morpholino-mediated antisense knockdown, the
modified zebrafish exhibited no obvious phenotype (data not
shown). There are several possible explanations for this result,
including the possibility that the presence of another gene com-
pensates for the loss of Ze-AKAP2, or this anchoring protein
may not play a role in early zebrafish development. Because we
saw no obvious phenotype in zebrafish, we subsequently
focused on the role of MyRIP as an anchoring protein in mam-
malian cells.

Characterization ofMouseMyRIP as anAKAP—On the basis
of protein sequence homology to Ze-AKAP2, we predicted that
mouse MyRIP might be a PKA-anchoring protein (Fig. 1E). To
test this hypothesis, a full-length mouse-coding region was
cloned from a brain cDNA library by PCR, and a plasmid
encoding V5-taggedMyRIP was transfected into HEK293 cells.
Immune complexes were isolated using an antibody to the V5
epitope. Recombinant MyRIP interacted with PKA as assessed
by RII overlay assay (Fig. 2A, top panel, lane 3). The addition of
AKAP-IS blocked the RII/MyRIP interaction (Fig. 2A, middle
panel, lane 3). Control immunoblots demonstrated that equal
levels of each protein were expressed in the cell extracts (Fig.
2A, bottom panel). Other controls confirmed equal loading of
proteins in each lane and that preincubation with a scrambled

FIGURE 1. Identification of Ze-AKAP2 as a putative AKAP. A, zebrafish two-day embryo extracts were separated by SDS-PAGE and transferred to nitrocel-
lulose. Binding of 32P-labeled zebrafish regulatory subunit (Rze) was assessed by overlay and was detected by autoradiography. Rze overlays were performed
in the absence of inhibitor peptide (left), in the presence of 1 �M AKAP-IS anchoring inhibitor peptide (middle), or in the presence of 1 �M Scrambled AKAP-IS
peptide (right). Molecular mass markers are indicated. B, a schematic representing the identity between Rze and murine RII� (green). Functional domains of
murine RII� are labeled (inset). The sequence alignment of Rze 1– 44 and murine RIIa 1– 45 is indicated using the one-letter amino acid code. C, zebrafish Rze
1– 45/LexA binding domain was used as bait to screen a zebrafish two-day embryonic cDNA library using the yeast two-hybrid assay. The detection of positive
colonies expressing Ze-AKAP2, other putative AKAPs, human Wave1 (positive control), and Gal4 AD (negative control) was assessed by �-galactosidase assay.
The name of each AKAP is indicated. D, solid phase binding of Rze to glutathione S-transferase (GST) fragments of the putative AKAPs was assessed by RII
overlay procedure in the absence of inhibitor peptide (top) or in the presence of 1 �M AKAP-IS (middle). Either induced (I; lane 2), uninduced bacterial extracts
(UI; lane 1) or purified glutathione S-transferase fragments were used (lanes 3– 8). The names of the putative AKAPs are indicated above each lane. Ponceau
staining of protein samples (bottom). E, amino acid sequence alignment of mouse MyRIP (top) with Ze-AKAP2 (bottom). The shaded regions depict sequence
identity, and the boxed regions depict similarity. Putative PKA anchoring sites are indicated (red-shaded regions).

FIGURE 2. Mammalian MyRIP is an AKAP. A, HEK293 cells were transfected with plasmids to express V5-AKAP-IS (lane 1) or V5-MyRIP (lanes 2 and 3). Lysates
were immunoprecipitated with an anti-V5 monoclonal antibody (lanes 1 and 3) or mouse IgG (lane 2). RII binding was assessed by overlay using 32P-labeled RII�.
RII overlays were performed in the absence of inhibitor peptide (top) or in the presence of 1 �M AKAP-IS anchoring inhibitor peptide (middle). Levels of
V5-AKAP-IS (lane 1) or V5-MyRIP (lanes 2 and 3) in the lysates were determined by Western blot analysis using an anti-V5-horseradish peroxidase antibody
(bottom). B, HEK293 cells were transfected with plasmids to express V5-Control (Scrambled AKAP-IS; lane 1) or V5-MyRIP (lanes 2 and 3). Lysates were immu-
noprecipitated with anti-V5 monoclonal antibody (lanes 1 and 2) or mouse IgG (lane 3) and analyzed by Western blot for the presence of PKA catalytic subunit
(top) and V5-MyRIP (middle). Levels of V5-Control (lane 1) or V5-MyRIP (lanes 2 and 3) in the lysates were determined by Western blot analysis using an
anti-V5-horseradish peroxidase antibody (bottom). C, HEK293 cells were transfected with plasmids to express V5-MyRIP. Lysates were immunoprecipitated
with anti-V5 monoclonal antibody (columns 1 and 3) or mouse IgG (column 2). Co-purification of the PKA holoenzyme was measured as pmol/min/IP of 32P
incorporation into the PKA substrate, kemptide using a filter paper binding assay (45). PKA activity was specifically blocked by the addition of 10 �M of the PKI
(5–24) inhibitor peptide (column 3). n represents the amalgamated data from three independent experiments. D, HEK293 cells were transfected with plasmids
to express V5-Control (Scrambled AKAP-IS; lane 1) or V5-MyRIP (lanes 2 and 3). Lysates were immunoprecipitated with a polyclonal antibody against RII (lanes
1 and 2) or rabbit IgG (lane 3) and analyzed by Western blot for the presence of V5-MyRIP (top) and RII (middle). Levels of PKA RII subunit in the lysates (lanes 1–3)
were determined by Western blot analysis using an anti-RII monoclonal antibody (bottom). IB, immunoblot.
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peptide control had no affect on the interaction with RII (data
not shown). This result implies that MyRIP binds to RII in a
manner similar to other known AKAPs.
To further resolve theMyRIP/PKA interaction inside cells, a

plasmid encoding V5-tagged MyRIP was transfected into
HEK293 cells. V5 immune complexes were isolated, and co-
precipitation of PKAwas assessed by immunoblot using a poly-
clonal antibody against the catalytic subunit of the kinase (Fig.
2B, top panel). The catalytic subunit of PKA was detected in
MyRIP immune complexes (Fig. 2B, top panel, lane 2) but not
with a V5-tagged control protein or in the IgG control (Fig. 2B,
top panel, lanes 1 and 3). Equal loading of proteins in each lane
(Fig. 2B,middle panel, lanes 1 and 2) and equal levels of protein
expression in the cell extracts (Fig. 2B, bottom panel) were con-
firmed by immunoblot using V5 antisera. PKA activity that co-
precipitated with MyRIP was measured using the filter paper
assay of Corbin and Reimann (45). PKA activity was enriched
4.3-fold � 0.05 pmol/min/IP (n � 3) in MyRIP immune com-
plexeswhen comparedwith IgG controls (Fig. 2C, first column),
whereas kinase activity was blocked in the presence of the PKI
(5–24) peptide, a specific inhibitor of the kinase (Ref. 53 andFig.
2C, third column). In reciprocal studies, a polyclonal antibody
was used to immunoprecipitate the RII subunit. Immunoblot
analysis of RII immune complexes using aV5 antibody detected
MyRIP associated with endogenous type II PKA (Fig. 2D, top
panel, lane 2), but not with the V5-tagged control protein or in
the IgG control (Fig. 2D, top panel, lanes 1 and 3). Equal loading
of proteins in each lane (Fig. 2D,middle panel) and equal levels
of protein expression in the cell extracts (Fig. 2D, bottom panel,
lanes 1 and 2) were confirmed by immunoblot using RII anti-
sera. Thus, we are able to conclude that recombinant murine
MyRIP functions as a PKA-anchoring protein in culturedmam-
malian cells.
Mapping the RII-binding Sites inMyRIP—Adefining charac-

teristic of most AKAPs is a region of 14–18 residues that forms
an amphipathic helix (16). The hydrophobic face of this helix
binds with high affinity to the docking and dimerization
domain of the R subunits (17–19).We surmised that this might
also be true forMyRIP; thus six V5-tagged proteins encompass-
ing distinct regions of MyRIP were generated (Fig. 3A). Resi-
dues 1–300, 153–495, and 147–856 of MyRIP bound RII as
assessed by the overlay (Fig. 3B, top panel, lanes 4–6), suggest-
ing that residues 153–300 were sufficient to interact with PKA.
Control experiments confirmed that equal amounts of these
MyRIP fragments were present in each experiment (Fig. 3B,
bottom panel).
Solid phase peptide array analysis was employed tomore pre-

ciselymap the RII-binding region ofMyRIP. A family of 20-res-
idue peptides (offset by three residues), spanning the MyRIP
sequence from amino acids 187 to 254 was synthesized on a
membrane support using an AutoSpot robot. RII binding was
detected by the overlay assay (Fig. 3C). Interestingly, two RII-
binding regions were detected that encompass amino acids
193–209 (site 1) and 232–248 (site 2) ofMyRIP (Fig. 3C, shaded
letters). Both regions are conserved in the zebrafish and mouse
MyRIP forms (Fig. 1E, red highlighted regions) and are similar
to corresponding regions on known AKAPs (Fig. 3D).

Previous studies have shown that introduction of amino
acids with helix breaking side chains disrupt RII/AKAP inter-
actions (14, 16, 39, 54). Therefore, proline residues were intro-
duced within both putative RII-binding sites onMyRIP using a
standard site-directed mutagenesis approach (Fig. 3D, letters
marked with asterisks). The MyRIP V197P, I206P double
mutant was unable to bind RII as assessed by the overlay
assay (Fig. 3E, top panel, lane 3), suggesting that the site 1
helix contained critical determinants for PKA anchoring. In
contrast, the corresponding mutations at positions 236 and
245 in site 2 increased the RII binding of MyRIP when com-
pared with the wild-type protein (Fig. 3E, top panel, lanes 1
and 4). PKA anchoring was abolished in the MyRIP
V197P,I206P,L236P,I245P quadruple mutant, where both
putative PKA anchoring sites were perturbed (Fig. 3E, top
panel, lane 5). Control experiments indicate that equal
amounts of wild-type andmutantMyRIP proteins were present
in each experiment (Fig. 3E, bottom panel).

Independent confirmation of these results was provided by
analysis of MyRIP deletion mutants that lacked site 1, site 2, or
both PKA-anchoring sites. Removal of residues 194–210 abol-
ished RII binding to the MyRIP �194–210 mutant, whereas
removal of site 2 enhanced RII binding to theMyRIP�233–248
mutant over controls (Fig. 3F, lanes 1 and 2). As expected, the
MyRIP �194–210, �233–248 double mutant was unable to
anchor PKA as assessed by the RII overlay (Fig. 3F, lane 3).
Control experiments indicate that equal amounts of wild-type
and mutant MyRIP proteins were present in each experiment
(Fig. 3F, bottom panel).
Additional studies were conducted to further establish

whether perturbation of site 2 onMyRIP produced a more effi-
cient PKA-anchoring protein inside cells. Plasmids encoding
V5-taggedMyRIP and YFP-tagged RII were co-transfected into
HEK293 cells. V5 immune complexes were isolated, and co-
purification of YFP-RII was assessed by immunoblot analysis
using a monoclonal antibody to GFP (Fig. 3G). Yet again, more
RII co-precipitated with the MyRIP L236P I245P mutant com-
pared with the other mutants or the wild-type protein (Fig. 3G,
top panel). Control experiments indicate that equal amounts of
wild-type and mutant MyRIP proteins were present in all
experiments (Fig. 3G, bottom panel). Collectively these studies
demonstrate that the principal PKA-anchoring site on MyRIP
is located between residues 194 and 210 and that residues 232–
248 act in some way to negatively regulate RII binding.
Cellular Analysis of MyRIP—MyRIP has been previously

implicated in the regulation of vesicle trafficking in a variety of
cell types including insulin secretion from pancreatic � cells
(55–57). To learn more about the cellular role of MyRIP, poly-
clonal antibodies were raised against murine MyRIP, and the
affinity-purified antibody was used to screen a variety of tissues
and cell lines. A protein doublet of 100 and �125 kDa was
specifically detected in each sample, including the pancreatic
�-cell line INS-1(832/13) (Fig. 4A). Once the specificity of the
antibody had been established, the cellular location of MyRIP
was determined in INS-1 cells by immunohistochemistry (Fig.
4, B–D). MyRIP staining was asymmetrically distributed at the
perinuclear regions of INS-1 cells (Fig. 4E) and partially over-
lapped with Phogrin-EGFP, an integral glycoprotein that is a
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FIGURE 3. Mapping the RII-binding domain of MyRIP. A, a schematic diagram that depicts the modular domains and fragments of MyRIP used to
determine the location of the RII-binding domain. The first and last residue of each fragment is indicated. B, HEK293 cells were transfected with plasmids
to express V5-MyRIP fragments. Lysates were immunoprecipitated with an anti-V5 monoclonal antibody (lanes 1 and 3– 8) or mouse IgG (lane 2). RII
binding was assessed by overlay using 32P-labeled RII� (top) and analyzed by Western blot for the presence of V5-MyRIP (bottom). C, AutoSpot peptide
array was used for mapping of the RII-binding domains in MyRIP. A family of 20-mer peptides encompassing residues 187–254 were synthesized and
immobilized to a membrane support. RII binding was assessed by 32P RII overlay assay, and binding was detected by autoradiography. The sequences
of positive peptides are shaded. D, sequence comparison of the RII-binding domains from AKAP-Lbc with sites 1 and 2 on MyRIP. The first and last amino
acid residue in each sequence is indicated. The amino acids replaced with prolines using site-directed mutagenesis are designated with stars. E, HEK293
cells were transfected with plasmids to express V5-MyRIP point mutants. Lysates were immunoprecipitated with an anti-V5 monoclonal antibody (lanes
1 and 3–5) or mouse IgG (lane 2), and RII binding was assessed by overlay using 32P-labeled RII� (top) and analyzed by Western blot for the presence of
V5-MyRIP (bottom). F, HEK293 cells were transfected with plasmids to express V5-MyRIP deletion mutants. Lysates were immunoprecipitated with an
anti-V5 polyclonal antibody (lanes 1–3), and RII binding was assessed by overlay using 32P-labeled RII� (top) and analyzed by Western blot for the
presence of V5-MyRIP (bottom). G, HEK293 cells were co-transfected with plasmids to express YFP-RII and V5-MyRIP point mutants (lanes 1 and 3–5) or
YFP-RII and pcDNA3.1-V5 vector (lane 2). Lysates were immunoprecipitated with a polyclonal V5 antibody and analyzed by Western blot for the presence
of YFP-RII (top) and V5-MyRIP (bottom). IB, immunoblot.
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FIGURE 4. Cellular analysis of MyRIP in INS-1 cells. A, INS-1(832/13) cell extracts were immunoblotted with affinity purified anti-MyRIP antibody. B–D, confocal
immunofluorescence microscopy of INS-1 labeled with polyclonal antibodies against MyRIP (B and C) or against MyRIP in the presence of blocking peptide (D).
E–H, confocal immunofluorescence microscopy of INS-1 cells transfected with a plasmid to express Phogrin-EGFP (F) and labeled with polyclonal antibodies against
MyRIP (E). Composite images (G and H) indicate the cellular distribution of MyRIP (red) and Phogrin-GFP (green). I–L, confocal immunofluorescence microscopy of INS-1
labeled with polyclonal antibodies against MyRIP (I) and polyclonal antibodies against insulin (J). K and L, composite images indicates the cellular distribution of MyRIP
(red) and Insulin (green). M, INS-1 cells were co-transfected with a plasmid that encodes hGH and either a MyRIP siRNA or a control siRNA. Silencing of MyRIP expression
was determined by Western blot using an anti-MyRIP polyclonal antibody (inset, top). Control immunoblot showing equal expression of tubulin (inset, bottom). hGH is
targeted to insulin-containing secretory granules and can be used to monitor exocytosis in a subpopulation of transfected cells (60, 85). After 72 h, the cells were
treated with either 2 mM glucose or 20 mM glucose forskolin/IBMX, and exocytosis was measured by the release of hGH. n represents the amalgamated data from four
independent experiments. N, INS-1 cell lysates were immunoprecipitated with anti-MyRIP polyclonal antibody and analyzed by Western blot for the presence MyRIP
(top). Co-purification of MyRIP and the PKA holoenzyme was assessed by RII overlay using 32P-labeled RII� (mid-upper) and by Western blot for the presence of PKA
catalytic subunit (mid-lower). Levels of MyRIP in the lysates were determined by Western blot analysis using an anti-MyRIP polyclonal antibody (bottom). O, INS-1
lysates were immunoprecipitated with anti-MyRIP polyclonal antibody (column 1) or rabbit IgG (column 2). PKA activity (pmol/min/IP) was measured using a filter
paper binding assay (45). n represents the amalgamated data from three independent experiments. P–S, confocal immunofluorescence microscopy of INS-1 cells
labeled with polyclonal antibodies against (P) MyRIP, red, (Q) monoclonal antibody against RII, green, and (R) DAPI to label nuclei (blue). A composite image (S) indicates
the cellular distribution of all three signals.
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marker for dense core secretory granules (Ref. 41 and Fig. 4F).
Co-distribution of both signals is best observed in the compos-
ite images (Fig. 4,G andH). Moreover, a similar co-distribution
was also seen between MyRIP and insulin (Fig. 4, I–L).
We have previously shown that AKAPs participate in the

secretion of insulin frompancreatic� cells and related cell lines
(22, 58, 59). Therefore, we wondered whether MyRIP could
contribute to this process by anchoring PKA in INS-1 cells.
RNA interference was used to suppress expression of the
MyRIP gene in INS-1 cells (Fig. 4M, inset). Control immunob-
lots demonstrated that the expression of other AKAPs or PKA
was not affected by the MyRIP siRNA (data not shown).
Changes in insulin secretion were monitored by measuring the
release of a marker protein hGH by enzyme-linked immu-
nosorbent assay (56, 60). Suppression ofMyRIP expression sig-
nificantly reduced stimulation-dependent insulin released
from these cells (Fig. 4M). In parallel studies, MyRIP immune
complexes were isolated from INS-1 cells, and interaction with
the PKA holoenzyme was confirmed by RII overlay and immu-
noblot using antibodies against the catalytic subunit (Fig. 4N,
mid-lower panel). PKA activity was enriched 2.27-fold �0.06
pmol/min/IP in MyRIP immune complexes when compared
with IgG controls (Fig. 4O, n � 3). The co-precipitating PKA
activity was selectively inhibited by the PKI 5–24 peptide (data
not shown). Furthermore, indirect immunofluorescence detec-
tion of MyRIP and RII showed that the subcellular distribution
of both proteins overlapped, and both signals were prominent
at the perinuclear regions of INS-1 cells (Fig. 4, P–S). Taken
together, these studies suggest that MyRIP functions as an
AKAP and may place PKA in the vicinity of secretory granules
to facilitate insulin release.
Interaction with Components of the Exocyst Complex—

AKAPs are known to form anchored transduction complexes
that cluster cAMP responsive enzymes with other signaling
components. Likewise, a multimeric protein unit known as the
exocyst complex participates in the targeting of secretory vesi-
cles to sites of exocytosis (37). It has been shown that cAMP
promotes insulin granule mobilization, and it has been sug-
gested that phosphorylation of the exocytotic machinery by
kinases such as PKAmay enhance insulin granule mobilization
(61). Therefore, it seemed logical to determine whether com-
ponents of the exocyst complex interacted with MyRIP. Three
lines of inquiry support this hypothesis.
First, the Sec8 component of the exocyst complex was

detected by immunoblot in V5-MyRIP immune complexes iso-
lated from INS-1 cells (Fig. 5A, top panel, lane 2). Sec8 was not
detected in the IgG control (Fig. 5A, top panel, lane 1). Recip-
rocal experiments detected V5-MyRIP in Sec8 immune com-
plexes isolated from INS-1 cells above the IgG control (Fig. 5B,
top panel, lanes 1 and 2). Control immunoblots demonstrated
that equal levels of each protein were expressed in the cell
extracts (Fig. 5, A and B, bottom panels). Furthermore, indirect
immunofluorescence detection ofMyRIP andSec8 showed that
the subcellular distribution of both proteins overlapped and
that both signals were prominent at the perinuclear regions of
INS-1 cells (Fig. 5C).
Second, mapping studies with a family of V5-tagged MyRIP

fragments expressed in INS-1 cells demonstrated that residues

490–856 of the anchoring protein were sufficient to bind Sec8
(Fig. 5D, top panel, lanes 4–6). Control immunoblots demon-
strated that equal levels of protein were expressed in each cell
extract (Fig. 5D, bottom panel).
Third, a combination of cell-based and immunofluorescence

experiments demonstrated that Sec6, another component of
the exocyst complex, interacts withMyRIP. Western blot anal-
ysis demonstrated that endogenous Sec6 was detected in
V5-MyRIP immune complexes isolated from INS-1 cells (Fig.
5E, top panel, lane 2) above IgG controls (Fig. 5E, top panel, lane
1). More importantly, related studies confirmed that endoge-
nous Sec6 and Sec8 were both enriched in native MyRIP
immune complexes isolated from INS-1 cells (Fig. 5F,mid-up-
per and mid-lower panels, lanes 1 and 2). Finally, indirect
immunofluorescence detection ofMyRIP andSec6 showed that
the subcellular distribution of both proteins overlapped, and
both signalswere prominent at the perinuclear regions of INS-1
cells (Fig. 3G). Together, these studies provide compelling evi-
dence to support the notion that Sec8 and Sec6, two compo-
nents of the exocyst complex, interact with theMyRIP scaffold.

DISCUSSION

In this report we demonstrate that MyRIP, a Rab GTPase
effector protein previously implicated in the movement of
secretory granules, also functions as an protein kinase A-an-
choring protein. MyRIP (also known as Slac2c) belongs to a
subfamily of three synaptotagmin-like proteins (Slps) that lack
C2 domains (52, 62). Melanophilin/Slac2a, Slac2b, andMyRIP/
Slac2c are modular proteins that each contain a conserved
N-terminal domain that functions to recruit Rab proteins for a
role in protein trafficking (52, 62–65). Additional features of
MyRIP include amyosinVa/VII docking site and an actin-bind-
ing domain (52, 62). Our biochemical, cellular, and functional
experiments may further distinguish MyRIP from other Slac2
family members by showing that it sequesters the PKA holoen-
zyme and interacts with components of the exocyst complex, a
multimeric group of eight proteins that assist in the docking
step of exocytosis (33, 37, 66). The regions of MyRIP that inter-
act with PKA, Sec6, and Sec8 lie outside of the conservedN-ter-
minal domain (Fig. 3A and Ref. 62); therefore, other MyRIP
familymembers are not likely to bind PKA, Sec8, and Sec6, or if
they do, it is not within the same sequence. Thus, MyRIP may
position PKA and other signaling components such as Rab27a
at sites of exocytosis to synchronize vesicle transport in
response to second messenger and other cellular signals.
Initial evidence for the PKA anchoring function of MyRIP

was provided when the zebrafish ortholog was identified in a
two-hybrid screen for AKAPs using an N-terminal fragment of
theDanio rerio regulatory subunit of PKA as bait. We and oth-
ers have previously demonstrated that the first 45 residues of
mammalian R subunits fold to form docking and dimerization
domains that are sufficient for high affinity interaction with
AKAPs (17–19, 48, 67). Analysis of the Rze-AKAP complex
confirms that this protein-protein interaction is antagonized by
anchoring inhibitor peptides such as AKAP-IS (39). This not
only implies that zebrafish AKAPs interact with PKA in a man-
ner that is reminiscent of their mammalian counterparts but
also suggests that AKAP-IS and its derivatives could prove to be
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effective reagents that disrupt PKA anchoring in the zebrafish.
Future studies are planned to use AKAP-IS as a reagent to
establish the effect of disrupting PKA anchoring during
zebrafish development.

A defining feature of most AKAPs is a single amphipathic
helix with a hydrophobic face that forms an R subunit-binding
surface. However, some anchoring proteins, such as AKAP220,
AKAP350/450/cg-Nap, and BIG 2, have two or three RII sub-
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unit-binding surfaces that are distributed throughout the pro-
tein (68–71). Classically these regions are identified when
amino acid residues with helix-breaking side chains, such as
proline or glycine, are introduced into the hydrophobic face of
the helix to abolish PKA anchoring (16, 22, 46, 72). Although
MyRIP appears to be a conventional AKAP in certain respects,
we have uncovered some atypical properties of this anchoring
protein. Ourmapping and peptide array analyses identified two
adjacent PKA-anchoring domains located between residues
193 and 209 (site 1) and residues 232 and 248 (site 2) onMyRIP.
Although both regions exhibit sequence similarity to a corre-
sponding section of the prototypic AKAP Ht31 (now known as
AKAP-Lbc; Ref. 73 and Fig. 3D), our combined data imply that
only site 1 functions as a bona fide PKA-anchoring site. Inter-
estingly, site 2 does not appear to be a conventional PKA-an-
choring domain but instead may contribute to the functional
regulation of site 1. This interpretation is based on evidence
that mutation or removal of theMyRIP site 1 helix abolishes all
PKA anchoring, yet R subunit binding is augmentedwhen anal-
ogous changes are introducedwithin site 2 (Fig. 3,E and F). One
explanation is that mutations in site 2 may induce intramolec-
ular interactions withinMyRIP that alter the context of site 1 to
generate a more favorable RII-binding surface. Hence one
could envisage a mechanism where protein binding or a post-
translational modification of site 2 may induce partial unfold-
ing of MyRIP to expose high affinity binding determinants
within site 1. Interestingly, the intervening sequence between
site 1 and site 2 onMyRIP is leucine-rich, and residues 193–222
are predicted to form a coiled-coil structure using the SMART
data base, a protein secondary structure prediction algorithm
(74). A similar leucine-rich structure has been detected within
the PKA-anchoring domain of pericentrin, another anchoring
protein that contains an extended and discontinuous RII-bind-
ing sequence (75). Thus, it is tempting to speculate that MyRIP
and pericentrin form a subclass ofAKAPs that utilize a noncon-
ventional mechanism for PKA anchoring.
An intriguing finding of this report is that MyRIP serves as a

scaffolding protein that recruits the exocyst complex, a molec-
ular machine that has been implicated in the tethering of vesi-
cles to sites of exocytosis (33, 37, 66). Recent data in pancreatic
� cells suggest that the exocyst complex participates in the
docking step of insulin vesicles and may facilitate their transfer
from a reserve to a readily releasable pool at the plasma mem-
brane (34).However, the exocyst complex is also detected in the

perinuclear regions of other cell types where it is associated
with either the Golgi or the microtubule-organizing centers
(76–80). These latter reports are more compatible with our
immunolocalization data in Fig. 4 (E–L), showing that the
majority of MyRIP exhibits a punctate and perinuclear staining
pattern that overlaps with markers for dense core secretory
granules. It is worthy of note, however, that a small but signifi-
cant fraction ofMyRIP is uniformly distributed throughout the
cytoplasm; thus some MyRIP may be complexed with the exo-
cyst complex at the plasma membrane. Because MyRIP has
already been shown to contribute to insulin secretion, our find-
ings identify an additional step in this process that involves
scaffolding to the exocyst complex. The PKA anchoring func-
tion of MyRIP may also be relevant to the control of insulin
secretion because elevated intracellular cAMP promotes insu-
lin granule mobilization and increases the size of the readily
releasable pool of vesicles. Attempts to perform rescue experi-
ments using siRNA-resistant forms of MyRIP (either that con-
tain or lack the PKA-binding domain) have been inconclusive.
The overexpression of MyRIP itself resulted in a reduction of
exocytosis (data not shown). This is probably due to an excess of
the scaffolding protein that segregates binding partners to pro-
mote a dominant-negative effect. In addition, we have previ-
ously shown that peptide-mediated disruption of PKA anchor-
ing suppresses insulin secretion from pancreatic � cells and a
variety of� cell-derived cell lines (22, 58, 81). Future studieswill
be directed toward determining whether MyRIP is the only
AKAP that orchestrates insulin secretion or whether additional
anchoring proteins contribute to the regulation of this multi-
step and complex cellular process.
Rudimentary mapping studies presented in Fig. 5D indicate

that the exocyst component Sec8 binds to determinants within
the C-terminal half of MyRIP. The same is likely to be true for
Sec6, although it is not yet known whether the interaction
between the exocyst complex and MyRIP is direct. The C-ter-
minal region of MyRIP also encompasses an actin-binding
sequence between residues 774 and 779 that is important for
MyRIP interaction with the actin cytoskeleton (56). Further-
more, overexpression of the C-terminal half of MyRIP, which
contains the actin-binding domain, reduces glucose-mediated
insulin secretion in INS-1E cells (56, 57). This has led to the
proposal that MyRIP facilitates secretory vesicle capture by
tethering secretory vesicles to F-actin (62). However, in situ
binding studies performed with mutants lacking the polyargin-

FIGURE 5. Interaction of MyRIP and exocyst components Sec6 and Sec8 in INS-1 cells. A, INS-1 cells were transfected with plasmids to express V5-MyRIP.
Lysates were immunoprecipitated with an anti-V5 monoclonal antibody (lane 2) or mouse IgG (lane 1) and analyzed by Western blot for the presence of Sec8
(top) and V5-MyRIP (middle). Levels of Sec8 in the lysates were determined by Western blot analysis using an anti-Sec8 monoclonal antibody (bottom). B, INS-1
cells were transfected with plasmids to express V5-MyRIP. Lysates were immunoprecipitated with an anti-Sec8 monoclonal antibody (lane 2) or mouse IgG (lane
1) and analyzed by Western blot for the presence of V5-MyRIP (top) and Sec8 (middle). Levels of V5-MyRIP in the lysates were determined by Western blot
analysis using an anti-V5 monoclonal antibody (bottom). C, confocal immunofluorescence microscopy of INS-1 labeled with polyclonal antibodies against
MyRIP (top left), monoclonal antibody against Sec8 (middle left), and DAPI (bottom left). A composite image indicates the cellular distribution of MyRIP (red), Sec8
(green), and DAPI (blue). D, a schematic diagram that depicts the modular domains and fragments of MyRIP used to determine the location of the Sec8 binding
domain. The first and last residue of each fragment is indicated. INS-1 cells were transfected with plasmids to express V5-MyRIP fragments. Lysates were
immunoprecipitated with an anti-V5 monoclonal antibody (lanes 1 and 3– 6) or mouse IgG (lane 2) and analyzed by Western blot for the presence of Sec8 (top)
and V5-MyRIP (bottom). E, INS-1 cells were transfected with plasmids to express V5-MyRIP. Lysates were immunoprecipitated with an anti-V5 monoclonal
antibody (lane 2) or mouse IgG (lane 1) and analyzed by Western blot for the presence of Sec6 (top) and MyRIP (middle). Levels of Sec6 in the lysates were
determined by Western blot analysis using an anti-Sec6 monoclonal antibody (bottom). F, INS-1 lysates were immunoprecipitated with anti-MyRIP polyclonal
antibody (lane 2) or rabbit IgG (lane 1). Immunoprecipitates and lysates were analyzed by Western blot for the presence endogenous Sec8 (top), endogenous
Sec6 (mid-upper), endogenous MyRIP (mid-lower), and Tubulin (bottom). G, confocal immunofluorescence microscopy of INS-1 triple labeled with polyclonal
antibodies against MyRIP (top left), monoclonal antibody against Sec6 (middle left), and DAPI (bottom left). A merged image indicates the cellular distribution
of MyRIP (red), Sec6 (green), and DAPI (blue). H, a schematic diagram of the proposed topology of the MyRIP/Exocyst complex.
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ine motif suggest that this region is not required for association
with the exocyst complex (data not shown). Thus, it would
appear that Sec6 and/or Sec8 interact with other determinants
located in the C-terminal region of MyRIP.
In conclusion, our data show that the Rab27a GTPase effec-

tor protein, MyRIP, functions as scaffolding protein that links
protein kinase A to components of the exocyst complex. In
recent years several reports have indicated that MyRIP also
interacts with other proteins including Rab27a, F-actin, and the
motor proteins myosin Va and myosin VIIa (52, 55–57, 82). A
schematic diagram depicting all of the known proteins that
interact with MyRIP is presented in Fig. 5H. As the number of
MyRIP binding-partners increases, it seems likely that different
protein combinations may modulate individual cellular pro-
cesses. For example, a tripartite complex of Rab27a, MyRIP,
andmyosinVIIa tethersmelanosomes to the actin cytoskeleton
for a role in melanosome movement in retinal pigment epithe-
lium cells (52, 83, 84). Now we propose another MyRIP com-
plex that may include the PKA holoenzyme and the exocyst
complex that may be responsible for the regulation of insulin
granule mobilization or vesicle recruitment to the membrane.
The only common functional element in these two examples is
the anchoring protein itself, although Rab27a and myosin Va
may also be in the complex. Hence cell type-specific expression
of particular binding partners or the movement of components
in and out of assembly points within an individual cell could
conceivably drive formation of these customized molecular
units.
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