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Calmodulin binds to the Rab GTPase activating protein required
for insulin-stimulated GLUT4 translocation
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Abstract

Recently, we described a 160 kDa protein with a Rab GTPase activating protein domain that is phosphorylated on multiple sites
by the protein kinase Akt (designated AS160). Phosphorylation of AS160 in adipocytes is required for insulin-stimulated translo-
cation of the glucose transporter GLUT4 to the plasma membrane. In the present study, we searched for proteins that interact with
the GTPase activating protein (GAP) domain region of AS160 by the yeast two-hybrid screen. This search indicated that calmodulin
bound to a small domain just amino terminal to the GAP domain of AS160, and this association has been confirmed by three other
methods, including co-immunoprecipitation from lysates of adipocytes. The association was Ca ion dependent. The role of calmod-
ulin binding to AS160 in insulin-stimulated GLUT4 translocation was examined through the generation of a point mutant of AS160
that did not bind calmodulin. This mutation did not interfere with the capacity of AS160 lacking Akt phosphorylation sites to
inhibit GLUT4 translocation. Consequently, calmodulin binding is probably not required for the participation of AS160 in

insulin-stimulated GLUT4 translocation.
© 2005 Elsevier Inc. All rights reserved.
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Insulin treatment of fat and muscle cells rapidly stim-
ulates glucose transport. The basis for this stimulation is
an increase in the amount of the glucose transporter
GLUT4 in the plasma membrane. This increase is the re-
sult of movement of intracellular vesicles containing
GLUT4 to the plasma membrane, followed by fusion
therewith, a process referred to as GLUT4 translocation
(reviewed in [1]). The complete signaling pathway(s)
from the insulin receptor that leads to this trafficking
of GLUT4 is not known and has been a subject of exten-
sive investigation. A signaling pathway that has been
established to participate is the one that proceeds from
the insulin receptor through tyrosine phosphorylation
of insulin receptor substrates, activation of phosphati-
dylinositol 3-kinase, generation of phosphatidylinositol
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3,4,5-trisphosphate, and the activation of the serine ki-
nase Akt. Several types of evidence indicate that activa-
tion of Akt is critical for GLUT4 translocation.
Adipocytes partially depleted of Akt show reduced insu-
lin stimulation of GLUT4 translocation [2-4], and
expression of constitutively active Akt in adipocytes
causes as much GLUT4 translocation as does insulin
[4,5].

The connection between Akt activation and GLUT4
translocation has been unknown. Recently, we described
a protein substrate of Akt in adipocytes that has proper-
ties expected for such a connection [6]. This substrate is
a 160 kDa protein with a predicted GTPase activating
protein (GAP) domain for the Rab family of small G
proteins. It has been designated at AS160 (Akt substrate
of 160 kDa). The GAP domain of AS160 is expected to
act on the GTP form of Rab to convert it to the GDP
form. In many systems, Rabs in the GTP form are
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known to be part of the machinery for vesicle movement
and fusion. Thus, a plausible hypothesis is that phos-
phorylation of AS160 by activated Akt inhibits its
GAP activity, thereby leading to the elevation of the
GTP form of a certain Rab(s), which in turn triggers
the movement of GLUT4 vesicles to the plasma mem-
brane and/or the fusion therewith. In support of this
hypothesis, when a mutant of AS160 lacking four of
the Akt phosphorylation sites was expressed in 3T3-L1
adipocytes, insulin-stimulated GLUT4 translocation
was markedly inhibited [6]. Moreover, the inhibitory ef-
fect of this mutant required that its GAP domain be cat-
alytically active. Presumably, because the mutant cannot
be phosphorylated on the Akt sites, it remains active in
the presence of insulin, and so insulin is unable to trigger
the rise in the GTP form of the Rab(s).

The present study characterizes AS160 further. We
have found that AS160 is a calmodulin binding protein
and examined whether calmodulin binding to AS160 is
involved in insulin-stimulated GLUT4 translocation.

Materials and methods

Plasmids. The CMV-10 plasmid encoding human AS160 with a
triple Flag tag at its amino terminus was as described in [7], and that
encoding the mutated form with four of the Akt phosphorylation sites
converted to Ala (designated 4P-AS160) was as described in [6].
Mutations of calmodulin binding domain in wild-type and 4P-AS160
were made with the the QuikChange XL site-directed mutagenesis kit
from Stratagene, and the mutations were verified by DNA sequencing.
For production of the glutathione S-transferase (GST) fusion proteins
of portions of human AS160, PCR fragments of human AS160 cDNA
were generated and cloned into the Notl/BamHI sites of pGEX-5X-3
(Amersham Biosciences). The GST fusion proteins were prepared as
described in the Amersham Biosciences handbook.

Antibodies. Antibodies were purchased from the following sources
(catalog number in parentheses): Phospho Akt substrate antibody
(9611), Cell Signaling Technology; HA tag monoclonal (MMS-101P),
Berkeley Antibody Company; Cy3-conjugated goat anti-mouse
immunoglobulin (115-165-146); calmodulin monoclonal antibody (05-
173), Upstate; and anti-Flag antibody immobilized on agarose beads
(A2220), Sigma. Affinity-purified rabbit antibody against the carboxy
terminus of mouse AS160 was as described in [7].

Yeast two-hybrid screen. The yeast two-hybrid screens were per-
formed by the Molecular Interaction Facility at the University of
Wisconsin, Madison, according to their protocols, which can be found
at http://www.biotech.wisc.edu/mif/.

Cell culture. 3T3-L1 fibroblasts from the American Type Culture
Collection were carried as fibroblasts and differentiated, as described
previously [6]. For transfections, cells on day 4 of differentiation were
electroporated as described previously [6], with 75 ng HA-GLUT4-
GFP and 100 pg wild-type or mutated Flag-tagged AS160 plasmid for
the cells from a 10-cm plate.

Recombinant AS160. The recombinant Flag-tagged AS160 used in
Fig. 1 was generated by transfecting HEK293 cells with the AS160
plasmid. Each 10-cm plate was transfected with 10 ug plasmid using
Lipofectamine 2000 (Invitrogen). After 24 h, the cells were lysed in
2 ml of 40 mM Hepes, pH 7.4, 150 mM NacCl, and 1.5% nonaethyl-
eneglycol dodecyl ether (NDE) with protease inhibitors (10 uM each of
pepstatin, leupeptin, aprotinin, and EP475), the lysate was cleared by
centrifugation at 10,000 rpm for 15 min, and the AS160 was adsorbed
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Fig. 1. GST constructs of human AS160 and comparison of AS160
and Pollux calmodulin binding domains. (A) Schematic diagrams of
human AS160 (top) and of the three GST fusion proteins used in this
study. The fusion proteins have been designated the long GAP (L-
GAP), short GAP (S-GAP), and calmodulin binding domain (CaM
BD). (B) Compares the amino acid sequence of AS160 to that of the
known calmodulin binding domain of the related drosophila protein
Pollux.

on 10 ul anti-Flag beads, which were then washed thoroughly with
40 mM Hepes, pH 7.5, 150 mM NaCl. This procedure yielded about
15 ng AS160 per 10-cm plate that was largely pure, as assessed by
PAGE and Coomassie blue staining of SDS samples prepared from the
beads. The recombinant Flag-tagged AS160 and mutants thereof used
in Fig. SA were generated by a slightly different procedure. In this case,
SDS/NDE lysates of transfected 3T3-L1 adipocytes were prepared as
described in [7], and the denatured Flag-tagged AS160 was adsorbed
onto anti-Flag beads.

Biotinylated calmodulin binding assay. AS160, its point mutants, or
GST fusion proteins with portions of AS160 were separated by SDS—
PAGE and transferred to PVDF membranes (Immobilon-P, Milli-
pore). Membranes were blocked in buffer A (50 mM Tris-Cl, pH 7.5,
200 mM NacCl, and 50 mM MgCl,) containing 1% BSA and either
0.5 mM CaCl, or 5mM EGTA for 1 h, and then treated with 100 ng/
ml biotinylated calmodulin (Calbiochem, catalog number 208697) in
buffer A with 1% BSA and 0.5 mM CaCl, or 5 mM EGTA for 2 h. The
membranes were then washed four times for 10 min in buffer A with
CaCl, or EGTA plus 0.05 % Tween 20. Calmodulin association was
detected by incubating the membranes with Streptavidin-HRP (Invit-
rogen, catalog number 19534), diluted at 1:50,000 in buffer A with 1%
BSA and CaCl, or EGTA, followed by 4 washes in buffer A with
CaCl, or EGTA plus 0.05% Tween 20 and then 2 washes without
Tween 20. The membranes were incubated in chemiluminescent sub-
strate (SuperSignal West, Pierce) and exposed to film.

GST pulldowns and immunoprecipitations. For the GST pulldowns,
recombinant calmodulin (7 pg, Upstate) was incubated with glutathi-
one beads (30 pl) with 10 pg of bound GST L-GAP and S-GAP, or
5pg GST CaM BD or GST alone (see Fig. 1A), in 1 ml buffer B
(20 mM Tris-Cl, pH 7.5, 150 mM NaCl, 5mM MgCl,, 0.1% NDE,
1 mM DTT, and 100 pg/ml BSA), containing either 0.5 mM CaCl, or
SmM EGTA, for 1 h at 4°C on a rotating wheel. The beads were
washed three times in buffer B with either 0.5 mM CaCl, or 5 mM
EGTA, and the bound proteins were solubilized in SDS sample buffer
at 100 °C for 5 min. Calmodulin was detected by immunoblotting a
portion of the SDS samples.

To examine co-immunoprecipitation of calmodulin with AS160
from cell lysates, 10-cm plates of 3T3-L1 adipocytes were treated with
160 nM insulin for 10 min or not, washed twice with PBS, and lysed in
1 ml of 30mM Hepes, pH 7.5, 100 mM NaCl, 3% NDE with a
phosphatase inhibitor (200 nM calyculin A), and protease inhibitors
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(see above) containing either 0.5 mM CaCl, or 5SmM EGTA. The
lysate was centrifuged at 12,000 rpm for 15 min and the infranatant
was passed through a 0.45-pum filter to remove residual triglyceride
droplets. Antibody against the carboxy terminus of AS160 (5 pg per
0.5 plate) was added, and after a 2 h incubation at 4 °C the immune
complexes were collected on protein A-Sepharose (20 pl) for 2 h. The
beads were transferred to a new microfuge tube, washed five times with
30 mM Hepes, pH 7.5, 100 mM NaCl, and 0.3% NDE containing ei-
ther 0.5 mM CaCl, or 5 mM EGTA, and the immunoprecipitates were
solubilized in SDS sample buffer containing 1 mM EGTA at 100 °C for
5 min. Samples of the immunoprecipitates were then immunoblotted
for calmodulin and AS160.

Immunoblotting. Proteins were separated by SDS-PAGE and
transferred to PVDF membranes (Immobilon-P, Millipore). The
membranes were blocked with 3% BSA in TBST (0.3% Tween 20,
150 mM NaCl, and 20 mM Tris-Cl, pH 7.5), treated with primary
antibody in TBST with 1% BSA, washed with TBST and then TBS,
treated with horseradish peroxidase-conjugated secondary antibody,
and developed with the chemiluminescence reagent (SuperSignal West,
Pierce). For detection of calmodulin in the AS160 immunoprecipita-
tion experiments, proteins were transferred to membranes, cross-linked
with glutaraldehyde, and immunoblotted according to the methods
described in [8]. This method increases the sensitivity of immuno-
blotting for calmodulin by about 30-fold.

GLUTH4 distribution. GLUT4 at the cell surface was measured by a
single-cell fluorescence assay. In this assay, GLUT4 with an HA epi-
tope tag in an extracellular loop and GFP at its carboxy terminus was
expressed through electroporation of 3T3-L1 adipocytes with the HA-
GLUT4-GFP plasmid. Cells were fixed with formaldehyde, and
GLUT4 in the plasma membrane was then reacted with anti-HA and
Cy3-conjugated goat anti-mouse immunoglobulin. For each condition,
the fluorescence intensities of Cy3 and GFP were quantitated for
individual cells. For each cell, the intensity of Cy3 was normalized to
that of GFP, to correct for different levels of expression of HA-
GLUT4-GFP. The normalized Cy3 intensity is a relative measure of
GLUT#4 at the cell surface. The method is described in detail in [6].

Results
Binding of calmodulin to AS160

The region of human AS160 from amino acids 824 to
1299 encompasses its predicted Rab GAP domain
(Fig. 1A, L-GAP). In an effort to find a Rab that is asso-
ciated with AS160, this portion of the protein, designat-
ed L-GAP, was used as the bait in the yeast two-hybrid
screen with a combined human heart/liver library and
also with a combined human brain/testes library. No
interacting Rab was found in this screen. However, the
Ca binding protein calmodulin was found repeatedly
with both libraries.

A possible basis for the interaction between L-GAP
and calmodulin became apparent upon examination of
proteins related to AS160. One of these is the Drosophila
protein known as Pollux (gi24644376). Pollux is a pro-
tein of 1379 amino acids that is 33% identical/48% sim-
ilar to AS160 in the large region from its amino acids
117 to 1093. The function of Pollux is not known, but
it has been found to bind calmodulin. Moreover, this
binding has been localized to a short segment of 14 ami-
no acids (amino acid 657-680) [9]. The corresponding

region of AS160, which consists of amino acids 834—
857, is present at the amino terminus of L-GAP. It is
58% identical to the peptide in Pollux (Fig. 1B). Conse-
quently, it seemed likely that this region of the L-GAP
accounted for the interaction with calmodulin. In agree-
ment with this supposition, when a prey lacking this re-
gion (Fig. 1A, S-GAP, amino acids 865-1299) was used
in the yeast two-hybrid screen with both libraries, cal-
modulin was not found as an interactor. The screen with
S-GAP also did not yield a Rab as an interactor.

In order to determine more directly that calmodulin
bound to AS160, we employed a binding assay in which
biotinylated calmodulin was incubated with a mem-
brane to which recombinant, SDS-denatured human
AS160 had been transferred. The biotinylated calmodu-
lin bound to AS160 in the presence of Ca ion, but not in
its absence (Fig. 2). Subsequently, this assay was used to
assess the binding of calmodulin to GST fusion proteins
with L-GAP, S-GAP, and also a short region encom-
passing only the putative calmodulin binding sequence
(Fig. 1A, designated CaM BD). As shown in Fig. 3A,
the biotinylated calmodulin bound to L-GAP and
CaM BD, but not to S-GAP or to GST alone. The bind-
ing assay in Fig. 3A was carried out in the presence of
Ca ion. When the same assay was done in the absence
of Ca ion, no binding was detected (data not shown).

The assay with biotinylated calmodulin detects bind-
ing to the proteins on a membrane in at least partially
denatured form. To test whether the nondenatured
GST fusion proteins would bind to calmodulin in solu-
tion, we carried out a GST pulldown assay in which the
GST fusion proteins, immobilized on glutathione beads,
were incubated with recombinant calmodulin, and then
the washed beads were assayed for bound calmodulin by
immunoblotting (Fig. 3B). By this assay as well, the
L-GAP and the CaM BD bound calmodulin. Strong
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Fig. 2. Binding of calmodulin to AS160. Recombinant AS160 was
separated on SDS-PAGE, transferred to a membrane, and probed
with biotinylated calmodulin in the presence or absence of Ca ion, as
described in the Materials and methods. The 1x load of AS160 was
400 ng. The lanes designated M show biotinylated standard marker
proteins.
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Fig. 3. Binding of calmodulin to GST fusion proteins of AS160. (A) The
GST fusion proteins shown in Fig. 1A were separated by SDS-PAGE,
transferred to a membrane, and probed with biotinylated calmodulin in
the presence of Ca ion, as described in Materials and methods. The
1x load for L- and S-GAP was 200 ng and that for CaM BD and GST
was 100 ng. (B) The GST fusion proteins on glutathione beads were
incubated with calmodulin in the presence or absence of Ca ion, and then
SDS samples prepared from the washed beads were immunoblotted for
calmodulin, as described in Materials and methods.

binding required Ca ion, but, in contrast to the assay
with biotinylated calmodulin, there was some associa-
tion in the absence of Ca ion.

Association of calmodulin with AS160 in 3T3-L1
adipocytes

To assess whether calmodulin and AS160 have the
potential to be associated in vivo, we immunoprecipitat-
ed AS160 from nonionic detergent lysates of 3T3-L1
adipocytes prepared either with or without Ca ion and
then immunoblotted the AS160 for associated calmodu-
lin (Fig. 4). Calmodulin co-immunoprecipitated with the
AS160 and the association required the presence of Ca
ion. The amount of associated calmodulin was indepen-
dent of whether or not cells had been treated with insu-
lin. Upon insulin treatment AS160 is phosphorylated by
the protein kinase Akt on six sites, none of which is in or
near the calmodulin binding domain [6]. Immunoblot-
ting with an antibody specific for phosphorylated Akt
sites confirmed that the phosphorylation had occurred.
Thus, it is likely that the association of calmodulin with
AS160 is independent of the phosphorylation state of
AS160.

-ca*t +Ca™t
IP: IgG AS160 IgG AS160
Blot
CaM - —
P-AS160 - ; _— b
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Fig. 4. Co-immunoprecipitation of calmodulin with AS160 from
lysates of 3T3-L1 adipocytes. Immunoprecipitates were prepared from
nonionic detergent lysates of basal and insulin-treated adipocytes in
the absence or presence of Ca ion, with either an irrelevant rabbit
antibody (IgG) or antibody against the carboxy terminus of AS160
(AS160). The immunoprecipitates were immunoblotted for calmodu-
lin, AS160, and phosphorylated AS160. The load in each case was the
immunoprecipitate derived from 10% of a 10-cm plate.

Disruption of calmodulin binding by mutation of AS160

In order to examine the role of calmodulin binding in
AS160 function, we sought to prepare a mutant of
AS160 that did not bind calmodulin. Hydrophobic resi-
dues, such as Leu and Trp, have been established to be
key ones in calmodulin binding sites (calmodulin target
database, http://calcium.uhnres.utoronto.ca/ctdb/ctdb/
home.html). Consequently, we mutated the LeuTrp,
which is conserved in the middle of calmodulin binding se-
quence in human AS160 and Drosophila Pollux (Fig. 1B),
to GlyGly. This mutation was placed in both Flag-tagged
wild-type AS160 and in a mutant of AS160 in which four
of the Akt phosphorylation sites are mutated to Ala [6]
(4P-AS160). These proteins were expressed in 3T3-L1 adi-
pocytes and isolated by immunoprecipitation with anti-
Flag beads. Calmodulin binding was assessed with the
biotinylated calmodulin assay. As expected, biotinylated
calmodulin bound to the wild-type AS160 and to the
4P-AS160. However, no binding to AS160 LW/GG or
to 4P-AS160 LW/GG was detected (Fig. 5).

Effect of calmodulin binding on AS160 function in
GLUTH4 translocation

Overexpression of wild-type AS160 in 3T3-L1 adipo-
cytes has no effect on insulin-stimulated translocation of
GLUTH4 to the plasma membrane, but expression of the
4P-AS160 blocks translocation [6]. Consequently, to
determine the effect of abrogation of calmodulin binding
on AS160 function, we examined the effects of both the
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Fig. 5. Disruption of calmoduling binding by mutation of LeuTrp in
the calmodulin binding domain of AS160. Flag-tagged AS160 and
point mutants thereof were isolated by immunoprecipitation from
SDS/nonionic detergent lysates of transfected 3T3-L1 adipocytes,
separated by SDS-PAGE, transferred to a membrane, and probed
with biotinylated calmodulin. Subsequently, the membrane was
stripped by treatment with SmM EGTA and then probed with
antibody against the carboxy terminus of AS160. The forms of AS160
were: WT, wild-type; GG, the L842G/W843G mutant; 4P-AS160; 4P/
GG, AS160 with the combined mutations of the 4P and GG forms.

AS160 LW/GG mutant and the 4P-AS160 LW/GG mu-
tant on the insulin-stimulated translocation of GLUT4.
The relative amount of GLUT4 in the plasma membrane
of 3T3-L1 adipocytes was measured by a single-cell
immunofluorescence assay with HA-GLUT-GFP. Fig. 6
shows the results of this analysis. With expression of
either wild-type Flag-tagged AS160 or AS160 LW/GG,
insulin caused a large increase in GLUT4 at the cell sur-
face. Thus, disruption of calmodulin binding in the con-
text of wild-type AS160 had no effect. Moreover,
expression of either 4P-AS160 or 4P-AS160 LW/GG
markedly inhibited insulin-stimulated translocation of
GLUT4. Consequently, the inhibitory effect of the
AS160 mutant lacking the Akt phosphorylation sites
was not dependent upon calmodulin binding. In each of
the three experiments shown in Fig. 6, the expression of
Flag-tagged AS160 and the mutants thereof relative to
each other and that of endogenous AS160 was assessed
by immunoblotting SDS lysates of the transfected cells
with the antibody against its carboxy terminal peptide,
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Fig. 6. Effect of the disruption of AS160 calmodulin binding on
GLUT#4 translocation. 3T3-L1 adipocytes were transfected with HA-
GLUT4-GFP and either Flag-tagged AS160 or one of the point
mutants thereof (see legend of Fig. 5). HA-GLUT4-GFP at the cell
surface in the basal and insulin state, was measured as described in
Materials and methods. The values for three separate experiments have
been normalized to a value of 1.0 for the wild-type AS160 in the insulin
state; the error bars show the SEM.

as described previously [6]. As expected from our previous
results [6], in each experiment the Flag-tagged AS160,
AS160 LW/GG, 4P-AS160, and 4P-AS160 LW/GG were
approximately equally expressed, and the expression was
approximately fivefold or more than that of the endoge-
nous AS160 in the transfected cells (data not shown).

Discussion

The results presented here demonstrate that AS160 is
a calmodulin binding protein. In three different assays,
this association either required Ca ion (binding of bio-
tinylated calmodulin, co-immunoprecipitation) or was
stronger in its presence (GST pulldown). Consequently,
it appears that calmodulin must be complexed with Ca
ion for tight association of the two proteins. This situa-
tion is typical of many calmodulin binding proteins [10].
The results also show that the binding occurs through a
small domain of AS160 that is located just amino termi-
nal to its GAP domain.

The occurrence of this calmodulin association then
led us to examine its possible role in the function of
AS160. In order to do so, we generated the LW/GG mu-
tants of wild-type AS160 and 4P-AS160 that did not
bind calmodulin, and examined the effects of overex-
pression of these mutants on insulin-stimulated GLUT4
translocation. The AS160 LW/GG mutant had no effect
on GLUT4 translocation. This result suggests that cal-
modulin binding is not required for the function of
AS160 in insulin-stimulated GLUT4 translocation.
However, it does not prove it, since the cells also contain
the endogenous wild-type AS160 that can function nor-
mally. The result with the 4P-AS160 LW/GG mutant is
more definitive. This mutant inhibited GLUT4 translo-
cation to the same extent as 4P-AS160. Consequently,
the inhibitory effect of the nonphosphorylatable 4P mu-
tant does not depend upon calmodulin binding. As de-
scribed in Introduction, the inhibitory effect of the 4P
mutant is most likely due to its continued activity as a
Rab GAP in the presence of insulin. If this is the case,
the GAP activity does not require calmodulin binding.
Moreover, since our previous findings indicate that insu-
lin-stimulated phosphorylation of AS160 shuts off its
GAP activity [6], it seems unlikely that calmodulin bind-
ing is also required for this shut-off. If calmodulin bind-
ing were required for the shut-off, then the AS160 LW/
GG mutant should remain active as a GAP in the pres-
ence of insulin and so inhibit GLUT4 translocation.
However, it did not. These considerations indicate that
calmodulin binding to AS160 is not involved in insu-
lin-stimulated GLUT4 translocation.

The absence of a role for calmodulin binding to
AS160 in GLUT4 translocation is consistent with the re-
sults of earlier studies on the role of calcium in insulin
action. Insulin treatment of adipocytes does not elevate
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the intracellular concentration of free calcium [11,12].
Consequently, the concentration of the Ca-chelated cal-
modulin in either basal or insulin-treated adipocytes is
unlikely to be sufficient to result in substantial binding
to AS160. On the other hand, it should be noted that
Ca ion appears to play at least a permissive role in
GLUT4 translocation, since treatment of 3T3-L1 adipo-
cytes with the Ca chelator BAPTA-AM markedly inhib-
its insulin-stimulated GLUT4 translocation [13,14].
Although the binding of calmodulin to AS160 is prob-
ably not required for AS160 to participate in signaling
insulin-stimulated GLUT4 translocation, this association
could be part of a signaling pathway that contributes to
the stimulation of GLUT4 translocation and so glucose
transport by exercise in muscle. Exercise increases the
concentration of cytosolic Ca ion, and elevated Ca ion
causes an increase in glucose transport [15,16]. Thus, a
reasonable hypothesis is that elevated Ca/calmodulin,
caused by exercise, binds to AS160 and inhibits its Rab
GAP activity. As a consequence, the GTP form of the
Rab(s) required for GLUT4 translocation increases,
and GLUT4 translocation is triggered. This mechanism
is similar to the one proposed for the role of AS160 in insu-
lin-stimulated GLUT4 translocation (see Introduction),
except that the GAP activity of AS160 is inhibited by
Ca/calmodulin binding, rather than phosphorylation by
Akt. In the future, it should be possible to test this propos-
al by introduction of the AS160 LW/GG mutant into
muscle. This mutant should not be inhibitable by Ca/cal-
modulin, and so if the proposal is correct, it should block
exercise-stimulated glucose transport.
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