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Abstract
In adipocytes, PDE3B (phosphodiesterase 3B) is an important regulatory effector in signalling
pathways controlled by insulin and cAMP-increasing hormones. Stimulation of 3T3-L1 adipocytes
with insulin or the β3-adrenergic receptor agonist CL316243 (termed CL) indicated that insulin
preferentially phosphorylated/activated PDE3B associated with internal membranes (endoplasmic
reticulum/Golgi), whereas CL preferentially phosphorylated/activated PDE3B associated with
caveolae. siRNA (small interfering RNA)-mediated KD (knockdown) of CAV-1 (caveolin-1) in 3T3-
L1 adipocytes resulted in down-regulation of expression of membrane-associated PDE3B. Insulin-
induced activation of PDE3B was reduced, whereas CL-mediated activation was almost totally
abolished. Similar results were obtained in adipocytes from Cav-1-deficient mice. siRNA-mediated
KD of CAV-1 in 3T3-L1 adipocytes also resulted in inhibition of CL-stimulated phosphorylation of
HSL (hormone-sensitive lipase) and perilipin A, and of lipolysis. Superose 6 gel-filtration
chromatography of solubilized membrane proteins from adipocytes stimulated with insulin or CL
demonstrated the reversible assembly of distinct macromolecular complexes that contained 32P-
phosphorylated PDE3B and signalling molecules thought to be involved in its activation. Insulin-
and CL-induced macromolecular complexes were enriched in cholesterol, and contained certain
common signalling proteins [14-3-3, PP2A (protein phosphatase 2A) and cav-1]. The complexes
present in insulin-stimulated cells contained tyrosine-phosphorylated IRS-1 (insulin receptor
substrate 1) and its downstream signalling proteins, whereas CL-activated complexes contained β3-
adrenergic receptor, PKA-RII [PKA (cAMP-dependent protein kinase)-regulatory subunit] and HSL.
Insulin- and CL-mediated macromolecular complex formation was significantly inhibited by
CAV-1 KD. These results suggest that cav-1 acts as a molecular chaperone or scaffolding molecule
in cholesterol-rich lipid rafts that may be necessary for the proper stabilization and activation of
PDE3B in response to CL and insulin.
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INTRODUCTION
Cyclic nucleotide PDEs (phosphodiesterases) are critical regulators of intracellular
concentrations and physiological effects of cAMP and cGMP. The PDE superfamily contains
11 structurally related, but functionally distinct, gene families (PDE1–11) [1]. PDE3A and
PDE3B isoforms, encoded by two similarly organized genes, hydrolyse cAMP and cGMP with
high affinity in a mutually competitive manner [2]. PDE3B is relatively abundant in tissues
that maintain energy homoeostasis [3]; previous results from PDE3B-transgenic mice indicate
that PDE3B plays an important role in modulation of energy metabolism [4–6].

PKB (protein kinase B), a downstream effector of PI3K (phosphoinositide 3-kinase), mediates
many metabolic, mitogenic and anti-apoptotic effects of insulin and IGF (insulin-like growth
factor)-1 [3,7,8]. In adipocytes [9,10] and FDCP2 myeloid cells [11,12], insulin [9,10] and
IGF-1 [11,12] phosphorylate/activate PDE3B via PI3K- and PKB-dependent signals. In
adipocytes, insulin-mediated phosphorylation/activation of membrane-associated PDE3B
leads to a reduction in PKA (cAMP-dependent protein kinase) activity and inhibition of
lipolysis [3,13]. Inhibition of adipocyte PDE3B blocks the antilipolytic action of insulin, and
also reduces insulin-stimulated lipogenesis and glucose uptake [13]. Stimulation of adipocytes
with isoprenaline (isoproterenol) and other cAMP-increasing agents also induces
phosphorylation/activation of PDE3B [2,3].

In adipocytes, PDE3B is found in both PM (plasma membrane)/caveolae and ER (endoplasmic
reticulum)/Golgi membrane fractions [14,15]. As found in the present study, in 3T3-L1
adipocytes, insulin or CL (CL316243) preferentially phosphorylate/activate PDE3B associated
with ER/Golgi or PM/caveolae fractions respectively, and induce formation of different
macromolecular complexes [HMWCs (high-molecular-mass macromolecular complexes)]
that contain 32P-phosphorylated PDE3B and signalling proteins thought to be involved in its
activation. Targeted inactivation of Cav-1 (caveolin-1) in mice [16], and, as reported in the
present paper, siRNA (small interfering RNA)-induced CAV-1 KD (knockdown) in 3T3-L1
adipocytes, resulted in reduction of β3-AR (β3-adrenergic receptor) agonist-stimulated
phosphorylation of perilipin and lipolysis. In adipocytes from Cav-1−/− mice and in CAV-1-
KD 3T3-L1 adipocytes, expression of membrane-associated PDE3B was reduced, and
activation of PDE3B by CL was inhibited to a much greater extent than its activation by insulin.
Formation of insulin- and CL-induced HMWCs was significantly attenuated in CAV-1-KD
adipocytes, which might be attributed to a chaperone or scaffolding role of cav-1 in cholesterol-
rich lipid domains that may be necessary for proper stabilization and activation of PDE3B
within these macromolecular signalling complexes.

MATERIALS AND METHODS
Materials

3T3-L1 cells were purchased from American Type Culture Collection; DMEM (Dulbecco’s
modified Eagle’s medium) and FBS (fetal bovine serum) were from Gemini Bio-Products;
IBMX (isobutylmethylxanthine), insulin and dexamethasone were from Sigma; [3H]cAMP
was from New England Nuclear; [γ -32P]ATP (3000 Ci/mmol) and [32P]Pi (1000 mCi/mmol)
were from ICN Radiochemicals; SuperSignal® Westpico and Westfemto chemiluminescent
reagents were from Pierce; polyclonal anti-p85 PI3K, -β3-AR and -PKB antibodies were from
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Upstate Biotechnology; anti-IRS (insulin receptor substrate)-1, -PKB1, -pPKB
(phosphorylated PKB; Ser473), −pHSL [phosphorylated HSL (hormone-sensitive lipase);
Ser563], −CREB (cAMP-response-element-binding protein), −pCREB (phosphorylated
CREB) and −phospho (Ser/Thr) PKA substrate (p-perilipin) antibodies were from Cell
Signaling Technology; an anti-perilipin antibody was from Abcam; anti-cav-1, −PKA-RII
(PKA regulatory subunit), −BiP (immunoglobulin heavy-chain-binding protein), −GM130
(Golgi matrix protein 130), -nucleoporin p62,-β-catenin and -phosphotyrosine antibodies were
from BD Biosciences; anti-A-cyclase V/VI, -14-3-3 and -HSP-90 (heat-shock protein 90)
antibodies were from Santa Cruz Biotechnology; prestained molecular-mass markers were
from Bio-Rad; and the anti-HSL antibody was a gift from Dr Cecilia Holm (Lund University,
Lund, Sweden). Rabbit polyclonal antibodies against mouse PDE3B (GenBank® accession
number AAN52086) were generated against peptides corresponding to the CT (C-terminal)
domain (amino acids 1076–1095; NASLPQADEIQVIEEADEEE), the RD (regulatory)
domain (amino acids 266–280; VIRPRRRSSCVSLGE) and the NT (N-terminal) domain
(amino acids 2–16; RKDERERDAPAM-RSP). Affinity-purified anti-PDE3B-NT and anti-
PDE3B-CT antibodies were used for Western blotting and immunoprecipitation experiments.
Other materials were obtained as indicated, and were of the highest grade available.

Differentiation of 3T3-L1 adipocytes
3T3-L1 preadipocytes were differentiated as previously described [14,17]. After incubation
with MDI (0.3 mM IBMX, 1 μM dexamethasone and 5 μg/ml insulin) for 72 h, medium was
changed to complete DMEM/10 %(v/v) FBS containing 5 μg/ml insulin, and replaced every
48 h. Experiments with differentiated 3T3-L1 adipocytes were usually performed 13–14 days
after initiation of differentiation.

Preparation of adipocytes from Cav-1+/+ and Cav-1−/− mice
All animals were handled in strict accordance with good animal practice as defined by the
national and local animal welfare bodies, and all animal work was approved by the Ethics
Committee at Lund University and Linkoping University, Sweden. Adipocytes were prepared
from epididymal fat pads from 10–12-week-old Cav-1−/− and Cav-1+/+ mice by collagenase
digestion [18], with some modifications [19]. Cells (3–8 % cell suspension) were resuspended
at 37 °C in KRH (Krebs–Ringer-Hepes medium), pH 7.4, containing 25 mM Hepes, 200 nM
adenosine, 2 mM glucose and 1 % BSA. Adipocytes were stimulated with insulin (2 nM for
10 min) or CL (10 μM for 15 min), homogenized in 1 ml of buffer [40 mM Hepes (pH 7.4),
10 mM NaF, 1 mM PMSF, 0.25 mM sodium orthovanadate, 20 nM calyculin A, 1 mg/ml
pepstatin A, 10 mg/ml leupeptin and 10 mg/ml antipain], and centrifuged (50 000 g for 60
min). The fat cake was removed and the pellet was resuspended in buffer [50 mM Tes (pH
7.4), 50 mM sucrose, 1 mM EDTA, 0.1 mM EGTA, 1 mg/ml pepstatin A, 10 mg/ml leupeptin
and 10 mg/ml antipain] for BCA (bicinchoninic acid) protein measurement and PDE assays.

cAMP PDE assay
PDE3 activity {that portion of total PDE activity inhibited by 1.0 μM cilostamide, a selective
PDE3 inhibitor (IC50 ~17–80 nM); [20]}, was measured by modification of our previously
published method [21], using 0.1 μM [3H]cAMP (35000 c.p.m.) as a substrate. PDE activity
is expressed as pmol of cAMP hydrolysed/min per mg of protein.

Fractionation of membranes on continuous 10–45 % sucrose gradients
3T3-L1 adipocytes (100-mm culture dishes) were incubated in serum-free DMEM (16 h at 37
°C), to reduce the possible effects of growth factors in serum. After incubation without or with
insulin (100 nM for 10 min) or CL (10 μM for 15 min), adipocytes were washed and
homogenized (in a Dounce homogenizer) in ice-cold buffer A [50 mM Hepes, 50 mM sucrose,
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1 mM EDTA, 10 mM pyrophosphate, 5 mM NaF, 100 mM NaCl, 0.1 μM okadaic acid, 1 mM
sodium orthovanadate and Roche protease inhibitor cocktail (pH 7.5)]. After centrifugation at
500 g, total membrane and cytosol fractions were prepared by centrifugation of supernatants
[37 600 rev./min (in a SW41 Ti rotor; Beckman) for 30 min at 4 °C] [17]. Membrane fractions
were centrifuged on continuous 10–45 % sucrose gradients, as described previously [15]. After
centrifugation, gradients were manually divided into 17 equal fractions (each of 0.7 ml),
collected sequentially from the top.

Superose 6 chromatography of solubilized 3T3-L1 adipocyte membrane fractions
Adipocytes were incubated in serum-free DMEM (for 16 h), and then without or with insulin
(100 nM for 10 min) or CL (10 μM for 15 min), washed twice, and homogenized in ice-cold
buffer B (buffer A containing 250 mM sucrose). Total membrane and cytosolic fractions were
prepared as described above. Membrane proteins were solubilized by homogenization (using
a Dounce homogenizer) and sonication of membrane pellets in buffer B containing 1 % (v/v)
Nonidet P40, and after incubation/rotation by centrifugation [28 000 rev./min for 30 min at 4
°C, using a SW41 Ti rotor (Beckman)]. Portions of solubilized membranes (1.0 ml, 3 mg of
protein) were applied to a Superose 6 HR 10/30 column (Amersham), which was equilibrated
and eluted with buffer B (without sucrose) containing 150 mM NaCl and 1 %Nonidet P40.
Portions of fractions (0.5 ml) were used for immunoblotting and immunoprecipitations, and
for assay of PDE3 activity. The cholesterol content of fractions was assayed using Amplex®

Red cholesterol assay kits (Molecular Probes).

32P-phosphorylation of PDE3B
Adipocytes were incubated overnight in serum-free DMEM, then with and without [32P]Pi
(200 μCi/ml) for 90 min, and then without or with insulin (100 nM for 10 min) or CL (10 μM
for 15 min). Samples of solubilized membrane proteins from subcellular fractions, sucrose-
gradient fractions or Superose 6 fractions were immunoprecipitated with 20–25 μl of anti-
PDE3B-CT antibodies as described below. Immunoprecipitated proteins were separated by
SDS/PAGE, gels were washed, and [32P]-labelled PDE3B was detected using phosphoimager
(Amersham) analysis of wet gels, after which proteins were electrophoretically transferred on
to nitrocellulose membranes for immunoblotting.

Immunoprecipitation and immunoblotting
In some experiments, total lysates were prepared by homogenization (using a Dounce
homogenizer, 15–20 strokes) of adipocytes in buffer B containing 1 % Nonidet P40 and
centrifugation (10 000 g for 10 min at 4 °C). After the fat cake was removed, samples were
resuspended, extracted (30 min on ice) by rotation, and centrifuged (10 000 g for 10 min at 4
°C). Portions of supernatants containing whole-cell extracts were subjected to SDS/PAGE and
Western blotting, or analysed for protein concentration using BCA protein assay kits (Pierce),
with BSA as a standard.

For immunoprecipitations, solubilized membrane, cytosol or column fractions were adjusted,
when necessary, to 1 %Nonidet P40 (final concentration). After solubilization of membrane
fractions and centrifugation [28 000 rev./min (using a SW41 Ti rotor; Beckman) for 30 min at
4 °C], supernatants were usually adjusted to 3 mg of protein/ml. For most experiments, samples
were cleared by incubation [1 h at room temperature (20 °C)] with 5 μg of non-immune IgG,
and then with 50 μl of Protein G–Sepharose (Amersham) for 30 min, before centrifugation
(2800 g at 4 °C for 5 min). Cleared fractions were incubated (overnight at 4 °C) with the
specified antibodies, followed by incubation (for 1 h) with fresh Protein G–Sepharose before
centrifugation (2800 g at 4 °C for 5 min). Washed immunoprecipitates were subjected to SDS/
PAGE, electrotransferred on to membranes, and immunoblotted with the appropriate primary
antibody, and then with HRP (horseradish peroxidase)-labelled secondary antibody (Pierce).
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Immunoreactive proteins were reacted with Supersignal® Westpico or Westfemto
chemiluminescent reagents; signals were detected with a Fuji Imagereader LAS3000.

siRNA KD of caveolin
siRNA duplex oligonucleotides (Dharmacon ‘smartpool’, catalogue number L-058415-00) and
a control, scrambled, non-targetting siRNA oligonucleotide (catalogue number D-001810-10),
used as a negative control, were purchased from Dharmacon. The CAV-1 siRNA
oligonucleotides (a pool of four siRNAs for CAV-1) were targeted to sequences in the
CAV-1 mRNA (GenBank® accession number NM_007616) that started at positions 91, 454,
534 and 564. Information concerning the siRNA ‘smartpool’ is as follows: (i) GenBank®

accession number NM_007616, pool catalogue number L-058415-00, duplex catalogue
number J-058415-05, sequence (564) 5′-GCUAUUGGCAAGAUAUUCA-3′; (ii)
GenBank® accession number NM_007616, pool catalogue number L-058415-00, duplex
catalogue number J-058415-06, sequence (454) 5′-GCACAUCUGGGCGGUUGUA-3′; (iii)
GenBank® accession number NM_007616, pool catalogue number L-058415-00, duplex
catalogue number J-058415-07, sequence (91) 5′-GCAAAUACGUGGACUCCGA-3′; and
(iv) GenBank® accession number NM_007616, pool catalogue number L-058415-00, duplex
catalogue number J-058415-08, sequence (534) 5′-GUCCAUACCUU-3′.

Optimal conditions for siRNA KD involved transfecting adipocytes with siRNA using MBS
(modified bovine serum) mammalian transfection reagent (Stratagene) in DMEM, following
the manufacturer’s protocol. After 10 h, adipocytes were supplemented with 10 % (v/v) FBS,
and further incubated for 46 h. After 56 h, adipocytes were incubated (16 h) in serum-free
DMEM, and then without or with insulin and/or CL as indicated. Additional experiments with
a second set of siRNA duplex oligonucleotides or Ad (adenoviral) siRNA vectors are described
in the Supplementary Online Data (at http://www.BiochemJ.org/bj/424/bj4240399add.htm).

Lipolysis assay
All in vitro lipolysis experiments were performed with 14-day post-confluent 3T3-L1
adipocytes, grown and differentiated in 12-well tissue culture plates. Adipocytes were
equilibrated (0.5–1 h at 37 °C) in fresh DMEM/10 % (v/v) FBS, and then washed twice with
PBS (prewarmed to 37 °C). To initiate lipolysis, PBS was removed, and replaced with 0.5 ml
of KRH buffer [25 mM Hepes (pH 7.4), 125 mM NaCl, 5 mM KCl, 1 mM KH2PO4, 2.5 mM
CaCl2 and 2.5 mM MgCl2], containing 3 % fatty-acid-free BSA (Intergen) and 5 mM glucose.
Treatment with CL and/or insulin was carried out as indicated at 37 °C in a 5 % CO2 atmosphere
for periods ranging between 10 min and 2 h, after which medium was collected for glycerol
analyses, and whole-cell lysates were prepared for protein analysis. Glycerol content,
determined using a lipolysis assay kit (Zen-Bio), was normalized for total cellular protein,
which was quantified using BCA kits.

RESULTS
Insulin or CL preferentially phosphorylate/activate PDE3B in Golgi/ER or PM/caveolae
respectively

As described previously [14,15] and as seen in Figure 1, based on the distribution of molecular
‘markers’, PM (β3-AR and cav-1), Golgi (GM130), ER (BiP) and nuclear (P62) proteins were
separated during centrifugation of 3T3-L1 adipocyte membranes on 10–45 %continuous
sucrose gradients. Membrane-associated PDE3B was found in the PM and ER/Golgi fractions
(Figure 1) [17]. Cav-1, present in different subcellular compartments [22], was distributed in
the PM and internal membranes (Figure 1). We have reported previously that PDE3B is
associated with PM/caveolae in rodent adipocytes [14,15]; in extending these studies, we
demonstrated localization of human PDE3B to caveolae via immunogold labelling and electron
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microscopy of PM sheets from primary human adipocytes (Supplementary Figure S1 at
http://www.BiochemJ.org/bj/424/bj4240399add.htm). Consistent with Western blot analysis
(Figure 1), approx. 35 % of total membrane PDE3 activity was found in the PM/caveolae, and
65 %in ER/Golgi fractions (Figure 2A) [17].

Incubation of 3T3-L1 adipocytes with insulin (100 nM for 10 min) increased PDE3 activity
more than 2-fold in ER/Golgi, compared with a much smaller increase in PM fractions (Figure
2A), similar to our previous findings [17]. On the other hand, CL-stimulation of β3-ARs
activated PDE3 more than 2-fold in PM fractions compared with a much smaller increase in
ER/Golgi (Figure 2A). There did not appear to be significant translocation of PDE3B between
membrane fractions after stimulation of adipocytes with insulin or CL (Figure 1). Consistent
with spatial segregation of the effects of insulin and CL on activation of PDE3B, during
stimulation of [32P]Pi-labelled adipocytes with insulin or CL, PDE3B was phosphorylated to
a greater extent in ER/Golgi or caveolin-enriched PM fractions respectively (Figure 2B). As
seen in Figure 1, insulin stimulation also resulted in enrichment of PKB and pPKB in both PM
and ER/Golgi membranes compared with unstimulated adipocytes, whereas CL stimulation
was associated with enrichment of PKA-RII in PM fractions. Taken together, these results
strongly suggest different signalling roles for PDE3Bs, located in different microdomains of
the same cell.

Insulin or CL induce the formation of different macromolecular complexes that contain
PDE3B

Previously we have demonstrated that insulin induced formation of macromoleclar complexes
that contained PDE3B [17]. To characterize and compare HMWC-ins (HMWCs induced by
insulin) or HMWC-CL (HMWCs induced by CL), solubilized total membranes were
fractionated by gel filtration on Superose 6 [(HR 10/30) columns (exclusion molecular mass
> 4 × 107)]. As seen in Supplementary Figure S2 (at
http://www.BiochemJ.org/bj/424/bj4240399add.htm), 1 % Nonidet P40 was more efficient in
solubilizing membrane-associated PDE3B than octyl methyl glucoside or zwitterion (CHAPS)
detergents. During chromatography on Superose 6 (Figure 3), solubilized PDE3B from
unstimulated adipocytes exhibited a molecular mass of ~ 600–900 kDa, much larger than its
free monomeric molecular mass of ~ 135 kDa. After incubation of adipocytes with either
insulin or CL, PDE3 activity increased and approx. 50 %of PDE3B eluted at a higher apparent
molecular mass of ≥ 3000 kDa, consistent with its presence in HMWCs (Figure 3A, top-left
panel) induced by insulin or CL. Cholesterol was detected in both HMWCs and low-molecular-
mass protein peaks. Formation of HMWC-ins or HMWC-CL coincides with elution of
activated PDE3B and increased amounts of cholesterol with the multiprotein complex(es)
(Figure 3A, top-right panel). Insulin treatment altered the elution patterns of several signalling
proteins, including IRS-1, PI3K p85, PKB, HSP-90, 14-3-3, PP2A (protein phosphatase 2A),
perilipin and cav-1, to the extent that portions of these molecules co-eluted with PDE3B at
≥3000 kDa (Figure 3A, bottom panel). The migration of some of these proteins, including
14-3-3, PP2A, perilipin and cav-1, were altered in the same way in response to CL. CL
treatment specifically altered the migration pattern of PKA-RII, β3-AR and HSL. CL treatment
selectively altered migration of adenylate cyclase in three out of four experiments (Figure 3A);
in one experiment elution was altered by insulin as well as CL. Little or no insulin receptor
(results not shown), β3-AR or PKA-RII co-eluted with HMWC-ins, whereas little or no IRS,
PI3K or PKB co-eluted with HMWC-CL.

After insulin or CL stimulations (Figure 3B), fractionation of solubilized membranes
from 32P-labelled adipocytes on Superose 6, and phosphoimager analysis of
immunoprecipitated PDE3B, confirmed that the HMWCs contained most of the 32P-
phosphorylated and activated PDE3B. This effect of insulin or CL on phosphorylation/
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activation of PDE3B and formation of macromolecular complexes was prevented by prior
treatment with either the PI3K inhibitor wortmannin [17] or the PKA inhibitor H89 respectively
(results not shown).

Interactions between PDE3B and other proteins in HMWCs were studied in pull-down assays.
Samples of Superose 6 fractions from (Figure 3A) control, and insulin- or CL-treated
adipocytes were pooled into three groups (group A, fractions 17–21; group B, fractions 22–
30; group C, fractions 32–40). Pooled fractions were immunoprecipitated with anti-PDE3B-
CT antibody and immunoblotted. Several signalling proteins co-immunoprecipitated with
PDE3B in the high-molecular-mass (>3000 kDa) fraction (group A) of the insulin- or CL-
stimulated complexes. Signalling proteins in pooled fractions from groups B and C from control
and insulin- or CL-stimulated cells did not co-immunoprecipitate with PDE3B (Figure 4).
These studies suggest that PDE3B is a component of multi-molecular signalling complexes in
adipocytes, containing IRS-1, PI3K p85, PKB and HSP-90 in insulin-induced cells, and PKA-
RII and β3-AR in CL-treated cells, in addition to other unidentified proteins. Molecules
common to both include 14-3-3, PP2A and cav-1.

Effects of down-regulation of CAV-1 on PDE3B expression and activation
Differentiated 3T3-L1 adipocytes (~ day 10) were transfected with increasing concentrations
of control (non-targeting siRNA) or CAV-1 siRNA (50–150 nM) (Figure 5A). Transfection
with control siRNA did not affect the expression of CAV-1, compared with untransfected
control cells (Figure 5A and Supplementary Figure S3 at
http://www.BiochemJ.org/bj/424/bj4240399add.htm); CAV-1 expression was efficiently
knocked-down in a dose-dependent manner by CAV-1 siRNA (Figure 5A). Specific CAV-1
KD (100 nM siRNA) was confirmed by qRT-PCR (quantitative real-time PCR) analysis
(Figure 5B). As seen in Supplementary Figure S3, another synthetic CAV-1 siRNA and an Ad
CAV-1 siRNA similarly inhibited expression of CAV-1 in a concentration-dependent manner,
confirming the specificity of CAV-1 KD.

As shown in Figure 6, CAV-1 KD reduced expression of PDE3B by ~ 40 % (top panel); in a
total of seven similar experiments (including those discussed in Supplementary Figure S4 at
http://www.BiochemJ.org/bj/424/bj4240399add.htm), PDE3B expression was reduced by
34.6±2.8 % (mean±S.E.M., n = 7, P < 0.01) in CAV-1-KD cells. This may reflect a decreased
half-life of PDE3B protein, since a recent report has demonstrated increased degradation of
insulin receptor and GLUT4 (glucose transporter 4) proteins in 3T3-L1 KD adipocytes, stably
transfected with lenteviral CAV-1 siRNA [23]. As seen in Figure 6 (middle panel), insulin (100
nM for 10 min) or CL (10 μM for 15 min) increased PDE3B activity ~ 2-fold in cells treated
with scrambled control siRNA (S-siRNA). In KD adipocytes, insulin-induced activation was
partially inhibited, whereas CL-induced activation was almost completely inhibited. These
results were confirmed by transfection/infection with a second oligonucleotide CAV-1 siRNA
and Ad CAV-1 siRNA (Supplementary Figure S4). As shown in Figure 6 (lower panel), when
PDE3B activity was normalized to PDE3B expression, basal PDE3B activity was similar in
control and KD cells. CL-induced activation was almost completely inhibited; insulin-induced
activation was reduced by 36±1.9 % (mean±S.E.M., n = 7, P < 0.01). In support of these results,
we found that in adipocytes isolated from Cav-1−/− mice, PDE3B was down-regulated and
CL-, but not insulin-, induced activation of PDE3B was inhibited (Figure 7).

Down-regulation of CAV-1 impairs CL-stimulated lipolysis and phosphorylation of PKA
substrate proteins

Although several kinases can phosphorylate CREB, its phosphorylation generally correlates
with PKA activity in cells [24]. As seen in Figure 8(A), CAV-1 KD inhibited phosphorylation
of CREB in adipocytes incubated with and without CL or insulin, compared with control cells.
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Using a perilipin-specific antibody and a phospho-PKA-motif-specific antibody [P-RXX(pS/
T)], we found that perilipin phosphorylation was dramatically decreased in CAV-1-KD cells
in response to CL stimulation, without any significant changes in perilipin content (Figure 8A),
consistent with studies in Cav-1−/− mouse adipocytes [25]. Phosphorylation of HSL, another
PKA substrate, was also dramatically decreased, with a small decrease in HSL protein. Insulin
inhibited CL-stimulated phosphorylation of HSL, but not of perilipin. There was no change in
the expression of PKA-RII, β3-AR or β-actin (Figure 8A). In control 3T3-L1 adipocytes, CL
increased lipolysis in a concentration-dependent manner (0.0001–1 μM) (results not shown).
As shown in Figure 8(B), CL (100 nM) markedly stimulated lipolysis in control adipocytes (~
6.5-fold), but was much less effective (~ 1.8-fold) in CAV-1-KD adipocytes, consistent with
inhibition of CL-stimulated lipolysis in adipocytes from Cav-1−/− mice [25]. These studies
were confirmed by transfection/infection with a second CAV-1 siRNA or Ad-CAV-1 siRNA,
(Supplementary Figures S5 and S6 at http://www.BiochemJ.org/bj/424/bj4240399add.htm).
Thus, in adipocytes, caveolin may be a scaffolding factor that is normally required for PKA-
mediated signalling, including phosphorylation/activation of PDE3B as well as
phosphorylation of perilipin and HSL, and activation of lipolysis.

Residual CL (100 nM)-stimulated lipolysis was inhibited by insulin (100 nM) in CAV-1-KD
cells (Figure 8B). There was no change in the expression of total PKB, or of phosphorylation
of PKB in response to insulin in CAV-1-KD adipocytes compared with control adipocytes
(Figure 8A). These studies suggested that CAV-1 KD did not affect insulin-mediated activation
of PKB, which is important in activation of PDE3B and the antilipolytic action of insulin.
Although expression of PDE3B is reduced in CAV-1-KD adipocytes (Figure 6 and
Supplementary Figure S4), activation of PDE3B by insulin/PI3K/PKB, while partially
inhibited (Figure 6 and Supplementary Figure S4), is apparently sufficient to reduce cAMP,
leading to inhibition of residual CL-stimulated lipolysis (Figure 8B and Supplementary Figure
S5B).

CAV-1 KD inhibits formation of macromolecular complexes
Transfection with control S-siRNA did not inhibit insulin- or CL-induced formation of
HMWC-ins or HMWC-CL (Figure 9B). On the other hand, CAV-1 KD (Figure 9A) not only
inhibited insulin-and CL-induced activation of PDE3B (compare Figure 9C with Figure 6),
but also inhibited recruitment of PDE3B into HMWCs (Figure 9C). In CAV-1-KD adipocytes
(Figure 9C), CL-induced activation/recruitment of PDE3B was virtually completely blocked,
whereas during incubation with insulin (Figure 9C; compare with Figure 9B), PDE3 was
partially activated and recruited into modified HMWCs [smaller than HMWC-ins (Figure 9B),
but larger than in control cells]. As seen in Figure 9(D), although insulin-induced
phosphorylation/activation was reduced in CAV-1-KD adipocytes compared with control S-
siRNA cells (top and middle panels), in 32P-labelled KD adipocytes, virtually all 32P-labelled
PDE3B (middle panel) was recruited into modified HMWCs (Figure 9D), further suggesting
that phosphorylation/activation of PDE3B is associated with its recruitment into HMWC-ins,
and that cav-1 is important in the structural integrity (assembly or maintainence) of these
complexes.

In summary, these experiments point to a chaperone or scaffolding role of cav-1 in cholesterol-
rich lipid domains that may be necessary for membrane integrity and the recruitment, proper
stabilization and phosphorylation/activation of PDE3B in hormone-sensitive, macromolecular
signalling complexes.

DISCUSSION
Previously, we have reported that ~ 35 % of rodent adipocyte membrane-associated PDE3B
was localized in caveolae-enriched PM, and ~ 65 % in internal membrane (Golgi/ER) fractions
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[17]. Our electron microscopy studies indicate that, in human primary adipocytes, PDE3B is
also associated with PM/caveolae regions. A very important observation in the present study
indicates that activation of distinct membrane pools of PDE3B by insulin or CL in 3T3-L1
adipocytes reflects formation of different macromolecular complexes, i.e. HMWC-ins or
HMWC-CL. Before exposure of adipocytes to insulin or CL, PDE3B exhibited an apparent
molecular mass of ~ 600–900 kDa during size-exclusion chromatography; after
phosphorylation/activation by insulin or CL, the apparent molecular mass of approx. 50 % of
the total PDE3B activity increased and eluted at ≥3000 kDa, indicating that phosphorylated
PDE3B was recruited into HMWC-ins or HMWC-CL. PDE3B not recruited into HMWC-ins
or HMWC-CL, or PDE3B from adipocytes not treated with insulin or CL, exhibited little or
no phosphorylation. In addition to phosphorylated PDE3B, HMWC-ins included IRS-1, PI3K
p85, PKB/pPKB, HSP-90, 14-3-3, PP2A and cav-1, all of which co-eluted and co-
immunoprecipitated with PDE3B after stimulation of adipocytes with insulin. HMWC-CL
contained, in addition to phosphorylated/activated PDE3B, several signalling molecules that
are probably involved in activation of PDE3B via PKA-mediated signalling pathways.
HMWC-CL included PKA-RII, 14-3-3, β3-AR and cav-1, all of which co-eluted and co-
immunoprecipitated with PDE3B after stimulation of adipocytes with CL. HMWC-CL
apparently lack IRS-1, PI3K p85, PKB and HSP-90, which were present in HMWC-ins.
Molecules common to both HMWC-ins and HMWC-CL included 14-3-3, PP2A, cav-1 and
cholesterol. Thus differential phosphorylation/activation of different pools of membrane-
associated PDE3B most probably reflects formation of different macromolecular complexes.
The consequences of differential regulation of PDE3B at different intracellular locations on
the spatial and temporal regulation of cAMP pools and biological responses remain to be
elucidated.

PM caveolae are a specialized subset of membrane lipid rafts which are enriched in specific
lipids, especially cholesterol and glycosphingolipids, and scaffolding proteins, e.g. caveolins,
that interact with numerous proteins and serve as organizers of, or platforms for, diverse
signalling pathways [22,26]. Recent findings in rodent cardiac myocytes, for example, suggest
that bradykinin protects the heart from ischaemia/reperfusion injury by inducing formation of,
and internalization of its receptor into, caveolar vesicular signalling complexes, called
signalosomes. These signalosomes recruit additional signalling molecules, migrate to
mitochondria, and induce opening of the mitoKATP channel, resulting in cardioprotection
[27]. In adipocytes, caveolae have been implicated in compartmentalization and regulation of
cAMP- and insulin-regulated signalling pathways, e.g. lipolysis, lipogenesis and glucose
uptake [13,25,26,28–31]. Although caveolae represent highly ‘ordered’ lipid rafts with
decreased fluidity and greater buoyancy than other PM domains, caveolin also associates, in
adipocytes, with other membrane lipid rafts with higher densities, different molar ratios of
cholesterol to phospholipid, and different protein compositions, suggesting differential
functional segregation in these caveolar or lipid raft subclasses [31]. Although caveolae are
generally resistant to solubilization by non-ionic detergents, changes in glycosphingolipid
content, especially ganglioside GM3, can increase solubilization of membrane-associated cav-1
by non-ionic detergents [32–34]. We cannot be certain whether this accounts for solubilization
of some membrane-associated cav-1 with 1 % Nonidet P40 in our experiments. It is clear,
however, that solubilized cav-1 co-elutes with low-molecular-mass material from control cells;
after exposure of 3T3-L1 adipocytes to insulin or CL, some (not all) solubilized cav-1 co-elutes
with the HMWCs.

The presence of cav-1 and cholesterol in HMWC-ins or HMWC-CL led us to evaluate the role
of cav-1 in regulation of PDE3B. Cav-1−/− mice [16,25] have allowed the study of cav-1
functions in vivo. siRNA-mediated down-regulation of CAV-1 in 3T3-L1 adipocytes provided
an alternative approach, avoiding possible compensatory mechanisms developed in Cav-1−/−

mice. These two models provide complementary information about the effects of short- and
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long-term down-regulation of CAV-1 in adipocytes. The results of the present study indicate
that siRNA-mediated KD of CAV-1 in 3T3-L1 adipocytes led to reduced expression of PDE3B,
perhaps due to increased degradation of PDE3B protein [23]. Furthermore, in these cells,
insulin-induced activation of PDE3B was partially inhibited, whereas CL-induced activation
was completely inhibited. Similar results were obtained in primary adipocytes from
Cav-1−/− mice. In CAV-1-KD adipocytes, CL-induced activation/recruitment of PDE3B was
virtually completely blocked, whereas, in the presence of insulin, PDE3 was partially activated
and recruited into modified HMWCs (smaller than HMWC-ins, but larger than in control cells).

Activation of lipolysis involves production of cAMP, activation of PKA and translocation of
HSL to lipid droplets, elicited by phosphorylated perilipin [35]. Previous reports suggested
that ligand-induced lipolysis in adipocytes may be mediated by association (assessed by co-
immunoprecipitation) between cav-1, PKA and perilipin [25], which facilitates PKA-induced
phosphorylation of perilipin. In adipocytes from Cav-1−/− mice, ligand-induced formation of
the complex of PKA, perilipin and cav-1 was prevented, and CL-stimulated lipolysis was
inhibited [25]. Thus reduced phosphorylation of perilipin and, perhaps, of HSL, and reduced
lipolysis in CAV-1-KD adipocytes could be due to defects in the cav-1-mediated association
between perilipin and PKA. We suggest that PDE3B may associate/interact with this complex,
and disruption of the complex due to down-regulation of cav-1 might prevent CL-induced
phosphorylation/activation of PDE3B, as well as of perilipin and HSL. In CAV-1-KD cells,
even if down-regulation of PDE3B expression resulted in increased cAMP, disruption of the
PKA–perilipin complex would limit access of PKA to its substrates and inhibit phosphorylation
of PKA effectors and cAMP/PKA signalling. With regard to the anti-lipolytic action of insulin,
our studies suggest fewer changes in insulin-induced phosphorylation/activation of PKB in
CAV-1-KD adipocytes, where insulin, presumably via PKB, induces partial phosphorylation/
activation of PDE3B and its recruitment into modified HMWCs, and inhibits residual CL-
stimulated lipolysis. Thus cav-1 may be more important for regulation of cAMP/PKA-
mediated activation of PDE3B than for insulin/PKB-mediated activation, in addition to its
importance in stabilization of PDE3B expression, and its function as a scaffold for insulin- and
CL-induced activation of PDE3B and recruitment of signalling molecules into HMWC-ins and
HMWC-CL.

Our previous studies in 3T3-L1 adipocytes suggested that siRNA-induced PDE3B KD did not
prevent insulin-stimulated recruitment of signalling molecules into HMWC-ins, indicating that
PDE3B is not necessary for HMWC-ins [17]. In adipocytes, however, recruitment of
recombinant PDE3B into HMWC-ins did require the presence of its NT regulatory region
[17], which, in another study, was shown to contain sites phosphorylated in recombinant
PDE3B in adipocytes and hepatoma cells stimulated by insulin and cAMP-elevating agents
[36]. In CAV-1-KD adipocytes, CL-induced phosphorylation/activation/recruitment of PDE3B
was virtually completely blocked. In the presence of insulin, however, PDE3B was partially
phosphorylated/activated and recruited into modified HMWCs. Wortmannin inhibited insulin-
induced phosphorylation/activation of PDE3B and formation of macromolecular complexes
[17]. Thus, although in virtually all of our studies phosphorylation/activation of PDE3B is
associated with its recruitment into macromolecular complexes, we cannot be certain whether
phosphorylation is required for recruitment, or whether recruitment of PDE3B into (or its
association with) macromolecular complexes is required for effective phosphorylation of
PDE3B. Future studies with phosphorylation-site mutants in recombinant PDE3B, expressed
in adipocytes, may shed light on the overall relationship, if any, between signalling and
complex formation, as well as the role of phosphorylation of PDE3B in its activation and/or
recruitment into HMWCs.

Taken together, these studies provide an important example, in a single cell, for subcellular
localization of PDE3B, cav-1 and other signalling molecules, and their roles in the differential
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regulation of membrane-associated PDE3B in different subcellular compartments, via PKA
and PKB signalling pathways. Different PDE4D variants, i.e. PDE4D3 and PDE4D8, have
been reported to co-immunoprecipitate with PKA–AKAP (PKA-anchoring protein) complexes
in different cells, i.e. cardiac and vascular myocytes respectively [37]. The present study also
demonstrates the importance of membrane integrity in the formation/maintenance of insulin-
and CL-induced macromolecular assemblies that contain PDE3B, and suggests a chaperone
or scaffolding role of cav-1 in cholesterol-rich lipid domains that may be necessary for
stabilization and phosphorylation/activation of PDE3B within these macromolecular signalling
complexes.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations used

Ad adenoviral

β3-AR β3-adrenergic receptor

BCA bicinchoninic acid

BiP immunoglobulin heavy-chain-binding protein

cav-1 caveolin-1

CL CL316243

CREB cAMP-response-element-binding protein

CT C-terminal

DMEM Dulbecco’s modified Eagle’s medium

ER endoplasmic reticulum

FBS fetal bovine serum

GM130 Golgi matrix protein 130

HMWC high-molecular-mass macromolecular complex

HMWC-CL HMWC induced by CL

HMWC-ins HMWC induced by insulin

HSL hormone-sensitive lipase

HSP-90 heat-shock protein 90

IBMX isobutylmethylxanthine

IRS insulin receptor substrate

IGF insulin-like growth factor

KD knockdown
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KRH Krebs–Ringer-Hepes medium

NT N-terminal

PDE phosphodiesterase

PI3K phosphoinositide 3-kinase

PKA cAMP-dependent protein kinase

PKA-RII PKA-regulatory subunit

PKB protein kinase B

PM plasma membrane

PP2A protein phosphatase 2A

pPKB phosphorylated PKB

qRT-PCR quantitative real-time PCR

siRNA small interfering RNA
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Figure 1. Sucrose-gradient fractionation of 3T3-L1 adipocyte membranes
Adipocytes were incubated without (control) or with insulin (100 nM for 10 min) or CL (10
μM for 15 min). Total membranes were prepared and centrifuged on 10–45 % continuous
sucrose gradients, and 17 fractions (each of 0.7 ml) were collected manually from the top of
the tube. Portions (25 μl) of fractions were subjected to SDS/PAGE, and immunoblotted with
specific antibodies as indicated, including BiP (ER marker), GM130 (Golgi marker), β3-AR
(PM marker) and P62 (nuclear marker). Results shown are representative of four experiments
for control and insulin-stimulated adipocytes and two experiments for CL-stimulated
adipocytes.
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Figure 2. Insulin or CL differentially phosphorylate and activate PDE3B in ER/Golgi or PM/
caveolae fractions respectively
Adipocytes were incubated without or with [32P]Pi for 90 min, and then without (c, control)
or with insulin (I/Ins) (100 nM for 10 min) or CL (10 μM for 15 min) as indicated. Total
membranes were prepared and fractionated on 10–45 % continuous sucrose gradients, and 17
fractions (each of 0.7 ml) were collected manually. (A) Portions (10 μl) of fractions from
adipocytes not incubated with [32P]Pi were assayed for PDE3 activity (pmol of cAMP
hydrolysed/min per mg of protein), as described in the Materials and methods section, and are
presented as means ± S.E.M. (n = 3 experiments). (B) Portions (400 μl) of fractions from
adipocytes labelled with [32P]Pi were analysed, after immunoprecipitation of solubilized
PDE3B with an anti-PDE3B-CT antibody, for [32P]PDE3B by phosphoimager analysis on wet
gels (right-hand panels) and for PDE3B protein by immunoblotting (left-hand panels). The
location of the PM and ER is indicated at the bottom. A representative experiment is shown
(n = 2). IB, immunoblotting.
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Figure 3. Formation of different PDE3B macromolecular signalling complexes in response to
insulin and CL
(A) CL or insulin stimulates assembly of different macromolecular complexes. Solubilized
total membranes from adipocytes (3 mg of protein, 1 ml), prepared as described in the Materials
and methods section, incubated without (Control, C) or with CL (10 μM for 15 min) or insulin
(Ins) (100 nM for 10 min), were subjected to chromatography on Superose 6. Fractions from
control (●,○) and CL- (▲,△) or insulin- (■,□) stimulated adipocytes were analysed. Top-left-
hand panel: portions (10 μl) of fractions were assayed for PDE3 activity (pmol of cAMP
hydrolysed/0.5 ml per min); top-middle panel: protein content [AU (absorption units) 280 nm];
and top-right-hand panel: cholesterol content [RFU (relative fluorescence units)/5 μl].
Molecular mass standards are seen as peaks in the top-left-hand and middle panels: 1,
thyroglobulin (670 kDa); 2, γ -globulin (158 kDa); 3, ovalbumin (44 kDa); 4, myoglobin (17
kDa); 5, vitamin B12 (1.35 kDa). Bottom panels: samples (20 μl) of indicated fractions (0.5
ml) were subjected to SDS/PAGE and immunoblotted with specific antibodies as indicated.
Void volume (Vo)>3000 kDa and molecular mass standards, thyroglobulin (670 kDa) and γ -
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globulin (158 kDa), are indicated. One representative experiment is shown (n = 4). (B) CL or
insulin induces formation of macromolecular complexes which contain phosphorylated/
activated PDE3B. Solubilized total membranes (3 mg of protein, 1 ml), prepared from
adipocytes incubated without (C, control) or with CL (10 μM for 15 min) or insulin (Ins) (100
nM for 10 min), were subjected to chromatography on Superose 6. Fractions from control
(●,○), CL- (▲,△) and insulin- (■,□) stimulated adipocytes were analysed. Top-left-hand panel:
portions (10 μl) of fractions were assayed for PDE3 activity (pmol of cAMP hydrolysed/0.5
ml per min), means ± S.E.M. (n = 3); top-right-hand panel: protein content [AU (absorption
units) 280 nm]. Bottom panels: PDE3B was immunoprecipiated from samples (400 μl) of
fractions from adipocytes labelled with [32P]Pi as described in the Materials and methods
section. Immunoprecipitates were subjected to SDS/PAGE, and 32P-labelled PDE3B was
detected in wet gels by phosphoimager analysis (left-hand panels) before the same gels were
used for immunoblotting with anti-PDE3B-CT antibody (right-hand panels). One
representative experiment is shown (n = 3). IB, immunoblotting.
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Figure 4. Insulin- or CL-induced assembly of macromolecular complex(es) containing PDE3B and
signalling proteins: co-immunoprecipitation with PDE3B
Superose 6 fractions, as in Figure 3, were divided into three groups (A, B and C), and pooled
for co-immunoprecipitation (Group A, fractions 17–21; Group B, fractions 22, 24, 26, 28 and
30; Group C, fractions 32, 34, 36, 38 and 40). Pooled fractions were cleared, and complexes
containing PDE3B were immunoprecipitated with 20 μl of anti-PDE3B-CT antibodies. Group
A fractions were also immunoprecipitated with control rabbit IgG. Protein G–Sepharose-bound
proteins were eluted in 100 μl of Laemmli’s sample buffer. Samples (15 μl) were subjected to
SDS/PAGE and immunoblotting with specific antibodies as indicated. One representative
experiment is shown (n = 3), with the exception that immunoprecipitation/Western blot
analysis for β3-AR were conducted in two experiments. IP, immunoprecipitation.
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Figure 5. siRNA-mediated KD of CAV-1 expression in 3T3-L1 adipocytes
Differentiated 3T3-L1 adipocytes were transfected as described in the Materials and methods
section with the indicated concentrations of duplex siRNA targeted against CAV-1 (cav-1
siRNA) or a control, scrambled sequence (C-siRNA). (A) At 72 h after transfection, cell lysates
were prepared as described in the Materials and methods section, and subjected to SDS/PAGE
and Western blot analysis with anti-cav-1 and anti-β-actin antibodies. One representative
Western blot is shown (n = 2). (B) After transfection with 100 nM siRNA, CAV-1 KD was
confirmed by qRT-PCR analysis (see Supplementary Online Data at
http://www.BiochemJ.org/bj/424/bj4240399add.htm). Data are presented as means±half of the
range (n = 2). For each experiment, RNA was isolated from three different plates in each
experimental group, and was assayed using qRT-PCR in duplicate.
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Figure 6. KD of CAV-1 is associated with reduced PDE3B expression and impaired activation of
PDE3B
At 72 h after transfection with control (C-) or CAV-1 siRNA, control and CAV-1-KD adipocytes
were incubated without or with CL (10 μM for 15 min), insulin (100 nM for 10 min) or both.
For the combination treatment, the cells were treated with insulin for 10 min followed by CL
for 10 min. Total membranes were prepared as described in the Materials and methods section.
Membrane proteins were solubilized by homogenization (using a Dounce homogenizer) and
sonication of membrane pellets in buffer B containing 1 % (v/v) Nonidet P40, and, after
incubation/rotation (30 min for 4 °C), by centrifugation (10 000 g for 30 min at 4 °C).
Solubilized membrane proteins were assayed for PDE3 activity, or subjected to SDS/PAGE
(30 μg) and Western blot analysis. Upper panel: one representative Western blot is shown (n
= 7, including those shown in the Supplementary Online Data at
http://www.BiochemJ.org/bj/424/bj4240399add.htm). The scanning densitometric ratio of
PDE3B/β-actin (means±S.E.M.) for this experiment is 0.99±0.07 (n = 4) and 0.59±0.05 (n =
4) for S-siRNA control and CAV-1-KD adipocytes respectively; for the seven experiments,
taken together, values were 0.99±0.02 and 0.65±0.03 (n = 7) for S-siRNA control and
CAV-1-KD adipocytes respectively. Middle panel: PDE3 activity data (pmol of cAMP
hydrolysed/min per mg of protein) is presented as mean±S.E.M. (n = 7, including those
experiments shown in the Supplementary Online Data at
http://www.BiochemJ.org/bj/424/bj4240399add.htm). *P < 0.001 and +P = NS (not
significant), compared with their respective controls. For each experiment, cells were harvested
from two plates and PDE3 activity assays were carried out in duplicate. Bottom panels: PDE3
activity was normalized to PDE3 expression (0.99 for S-siRNA control; 0.65 for CAV-1-KD
adipocytes, n = 7), which was quantified as described above.
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Figure 7. Effects of insulin or CL on PDE3 activity in adipocytes from WT (wild-type) and
Cav-1−/− mice
Adipocytes from Cav-1+/+ (WT) and Cav-1−/− (KO) mice were prepared, incubated without
(Ctrl) or with insulin (Ins) (2 nM for 10 min) or CL (10 μM for 15 min), and membrane-
associated PDE3 activity was measured as described in the Materials and methods section.
Results are presented as the percentage of wild-type control PDE3 activity (means + S.E.M.,
n = 4–7); absolute values were 20–90 pmol/min per mg of protein.
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Figure 8. Effects of CAV-1 KD on lipolysis, and insulin- or CL-stimulated phosphorylation of PKB
and PKA substrates
3T3-L1 adipocytes (the same group of transfected adipocytes was used for experiments
presented in Figures 8 and 9A–9C) were transfected with 100 nM CAV-1 siRNA or S-siRNA.
After 72 h, adipocytes were incubated without or with 100 nM CL or 100 nM insulin (Ins) for
15 min, or a combination of the two as indicated. For the combination treatment the cells were
treated with insulin for 10 min followed by CL for 15 min. (A) Cell lysates (30 μg) were
prepared as described in the Materials and methods section, and subjected to SDS/PAGE and
immunoblotted with antibodies against the indicated proteins. One representative experiment
is shown (n = 3). (B) Adipocytes were incubated (in triplicate) without (control) or with the
indicated concentrations of insulin (Ins) or CL for 1 h. Lipolysis (glycerol release) was
measured as described in the Materials and methods section. Values (fold increase in glycerol
release) represent the means+S.E.M. (n = 3). *P < 0.001 and +P = NS (not significant),
compared with their respective controls.
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Figure 9. Effect of CAV-1 KD on CL- or insulin-induced formation of macromolecular complexes
(A) Expression of CAV-1 after transfection of adipocytes with control scrambled (S)-siRNA
or CAV-1-siRNA (cav). (B) PDE3 activities in Superose 6 fractions from adipocytes transfected
with control scrambed (S)-siRNA, and incubated without (●; C-S), or with CL (▲; CL-S) or
insulin (■; I-S). (C) Solubilized total membranes (3 mg of protein) were prepared from
adipocytes transfected with CAV-1 siRNA and subjected to Superose 6 chromatography as
described in the Materials and methods section. Fractions from control (●; C-cav), and CL-
(▲; CL-cav) or insulin-stimulated (■; I-cav) adipocytes were analysed. Upper panel: PDE3
activities. Lower panel: PDE3B Western blot analysis. One representative experiment is shown
(n = 2). (D) Upper panel: expression of CAV-1 after transfection of adipocytes with control
scrambled (S)-siRNA or CAV-1 siRNA (cav). Second panel: PDE3 activities in Superose 6
fractions of solubilized membrane proteins from adipocytes transfected with CAV-1-siRNA
(cav) and incubated without (●; Con-cav) or with insulin (▲; Ins-cav), or transfected with
scrambled (S)-siRNA and stimulated with insulin (■; Ins-S). PDE3 activity (pmol of cAMP
hydrolysed/min per 0.5 ml). Third panel: PDE3B was immunoprecipiated from samples (400
μl) of fractions from adipocytes labelled with [32P]Pi; immunoprecipitates were subjected to
SDS/PAGE, and 32P-labelled PDE3B was detected in wet gels by phosphoimager analysis.
Lower panel: the wet gels were transferred on to nitrocellulose membranes for immunoblotting
with an anti-PDE3B-CT antibody. One representative experiment is shown (n = 2).
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