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Inhibition of Lipolysis by Palmitate, kD, and the Sulfonylurea Drug, Glimepiride,
in Rat Adipocytes Depends on cAMP Degradation by Lipid Droplets
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ABSTRACT. The release of fatty acids and glycerol from lipid droplets (LD) of mammalian adipose cells

is tightly regulated by a number of counterregulatory signals and negative feedback mechanisms. In humans
unrestrained lipolysis contributes to the pathogenesis of obesity and type Il diabetes. In order to identify
novel targets for the pharmacological interference with lipolysis, the molecular mechanisms of four
antilipolytic agents were compared in isolated rat adipocytes. Incubation of the adipocytes with insulin,
palmitate, glucose oxidase (for the generation gDkl and the antidiabetic sulfonylurea drug, glimepiride,
reduced adenylyl cyclase-dependent, but not dibutyryl-cAMP-induced lipolysis as well as the translocation
of hormone-sensitive lipase and the LD-associated protein, perilipin-A, to and from LD, respectively.
The antilipolytic activity of palmitate, kD, and glimepiride rather than that of insulin was dependent on
rolipram-sensitive but cilostamide-insensitive phosphodiesterase (PDE) but was not associated with
detectable downregulation of total cytosolic cAMP and insulin signaliagphosphatidylinositol-3 kinase

and protein kinase B. LD from adipocytes treated with palmitat€.+ind glimepiride were capable of
converting cAMP to adenosine vitro, which was hardly observed with those from basal cells. Conversion

of CAMP to adenosine was blocked by rolipram and theugleotidase inhibitor, AMPCP. Immunoblotting
analysis revealed a limited salt-sensitive association with LD of some of the PDE isoforms currently
known to be expressed in rat adipocytes. In contrast, the cAMP-to-adenosine converting activity was
stripped off the LD by bacterial phosphatidylinositol-specific phospholipase C. These findings emphasize
the importance of the compartmentalization of cAMP signaling for the regulation of lipolysis in adipocytes,
in general, and of the involvement of LD-associated proteins for CAMP degradation, in particular.

The major physiological role of white adipose tissue fat mechanisms for receptor-independent regulation of lipolysis
stores is to supply lipid energy when it is needed by other may lead to novel targets for diabetes therapy.
tissues. This is achieved by a highly regulated catabolic A number of receptor-independent antilipolytic stimuli
pathway, lipolysis, whereby the TAG stored in the adipocyte have been described during the past decades, among them
LD* is hydrolyzed into FA and glycerol which are subse- H,0, (3, 4), free FA 6) and the antidiabetic sulfonylurea
quently released into the plasma. Excessive lipolysis con-drug, glimepiride 6—8). However, the molecular mecha-
tributes to high circulating levels of FA and the development nisms underlying the observed lipolysis inhibition in isolated
of dyslipidemia resulting in lipotoxicity and insulin resistance and cultured rodent and human adipocytes remained elusive
of peripheral tissues as observed in the metabolic syndromeso far. It is generally assumed that the majority of antili-
and in type Il diabeteslj. Pharmacological targeting of  polytic stimuli actvia lowering of cytosolic cAMP during
lipolysis can be envisaged at distinct levels of the lipolytic either inhibition of plasma membrane adenylate cyclase (e.g.,
cascade ). Drugs acting at the receptor level, such as nicotinic acid) or stimulation of microsomal PDEs (e.g.,
nicotinic acid, and direct inhibitors of lipases have been tested insulin) (9). In lipolytically induced adipocytes cAMP levels
as putative insulin-sensitizing or blood glucose-lowering in the cytosol become elevated leading to activation of PKA.
agents. However, so far none of them proved to be efficious Upon phosphorylation by PKA, HSL is translocated from
due to a variety of reasons (e.g., receptor desensitization,the cytosol to the surface of LC1(), whereas simultaneously
inadequate plasma FA lowering). Therefore, elucidation of perilipin, associated with the LD surface, is modified for
more efficient docking of HSLX1). These processes which
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insoluble glycolipid-enriched microdomains; FA, fatty acids; GO, glu- of the IR and the resulting tyrosine phosphorylation of

cose oxidase; HSL, hormone-sensitive lipase; IBMX, isobutylmeth- intracellular substrate proteins, such as IRS-1, the lipid kinase
ylxanthine; IR, insulin receptor; LD, lipid droplets; MAPK(K), mitogen-  activity of the PI3K is activated. The phosphatidylinositol-

activated protein kinase (kinase);-Suc, 3-nucleotidase; PDE, _ ; ;
phosphodiesterase; PK3 phosphatidylinositol-3 kinase; PKA/B, pro- 3-phosphate formed at the plasma membrane interacts with

tein kinase A/B; SDSPAGE, sodium dodecylsulfate polyacrylamide and thereby activates PKB, which then phosphorylates and
gel electrophoresis. stimulates PDE3B12—16). The central role of PDE3B for
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insulin inhibition of lipolysis is exemplified by the exces-
sive and sustained lipolysis in adipocytes from PDE3B
knockout mice {7) or rats treated with a PDE3B-specific
inhibitor (16) and in 3T3-L1 adipocytes with downregulated
PDE3B expression upon long-term treatment with tumo
necrosis factor (18). The antilipolytic activities of HO,,
FA and glimepiride may also involve stimulation of PDE3B
relying in part on components of the insulin signaling

r

cascade. This assumption was based on the known direct

inhibition of protein tyrosine phosphatase 1B, the major
IR dephosphorylating and inactivating enzyme bDk(19)
and the known stimulation of IRS-1 phosphorylation and
activation by the nonreceptor tyrosine kinase, pp59n
response to glimepiride7( 8). Both mechanisms would
finally result in upregulation of PDE3B along the insulin
signaling cascade and are compatible with the well-
documented broad insulin-mimetic activity of both®d (20)

and glimepiride T, 8). Since FA have been reported to cause
the production of HO, (3—5) driven by mitochondrial
[-oxidation in various cell types, the activation of PDE3B
may also underly the antilipolytic activity of FA. In addition,
impaired cAMP production from glycolytic ATP, the amount
of which may be lowered due to the fostergexidation,
has been proposed as PDE3B-independent antilipolytic
mechanism of FAZ1, 22). However, the series of events
leading to lipolysis inhibition by FA, kD, and glimepiride

in adipocytes remained to be unraveled on an experimental

basis.

The diversity of effects mediated by cAMP is generally
thought to rely on both the dynamic regulation (synthesis
and degradation) and localized action of this highly diffusible

Mdiller et al.
MATERIALS AND METHODS

Materials Human recombinant insulin, glimepiride (trade
name Amaryl), glibenclamide, tolbutamide, glimepiride M1
and the (G)PI-PLC inhibitor GPI-2350 were made available
by the biotechnological production and medicinal chem-
istry synthesis departments of Sanofi-Aventis Pharma (Frank-
furt; Germany). Wortmannin, BATGQ3¢amidotaurocholate),
p-8-bromo-adenosine',3-cyclic monophosphorothioate
(Sp-8-Br-cAMPS), OPC3911, cilostamide, dipyridamole, ro-
lipram, vinpocetine and zaprinast were delivered by Calbio-
chem (Darmstadt, Germany). PKB inhibitor 124005 was
bought from EMD Biosciences (San Diego, CA). Protein
A-Sepharose were provided by Pharmacia/LKB (Freiburg,
Germany). 5Nuc (Crotalus atroj, adenosine 'Ja,f(-
methylene]diphosphate (AMPCP), forskoli€dleus for-
skohlii), IBMX, PD98059 and R 2-O-dibutyryladenosine
3'5'-cyclic monophosphate (dibutyryl-cAMP) were from
Sigma/Aldrich (Deisenhofen, Germany). GO, ADA and pre-
mixed protease (complete EASYpack) and phosphatase
(PhosSTOP) inhibitor cocktails (1 tablet each for 10 mL)
were purchased from Roche Molecular Biochemicals (Man-
nheim, Germany). Collagenase (Worthington, CLS, type I,
250 units/mg) was delivered by Biochrom. HNMPA-(AM)
(hydroxy-2-naphthalenylmethyl-phosphonic aetds ac-
etoxymethylester) was provided by Biomol (Hamburg,
Germany). Lipids were purchased from Avanti Polar Lipids.
Precast gels were from Novex (San Diego, CA). Polyvi-
nylidene difluoride membranes (Immobilon-P) were obtained
from Millipore (Eschborn, Germany). Rats were provided
by Charles-River Laboratories and handled in agreement with
the German Animal Protection Law. All other materials were

messenger. Compartmentalization of cAMP synthesis andobtained as described previousBi7¢29).

degradation to discrete cellular regions is thought to arise
from the localization of G protein-coupled receptors with

Preparation and Incubation of Rat Adipocytéglipocytes
isolated by collagenase digestion from epididymal fat pads

adenylate cyclases and PDEs, respectively. With regard to s male Sprague Dawley rats (1460 g, fed ad libitum)

the spatiotemporal control of PDEs, it has recently been

according to published procedured0) were suspended in

found in T-cells that local increases in PDE4 activity in g5 mL or 25 mL (for preparative purposes) of KRH (140
plasma membrane areas upon T-cell receptor and CD28,\ NaCl, 4.7 mM KCI, 2.5 mM CaG| 1.2 mM MgSQ,

engagement can play a key role in tuning intracellular
activation-induced gradients of CAMR3). The mechanisms

1.2 mM KH,PQ,, 20 mM Hepes/KOH, pH 7.4, containing
2% (w/v) BSA, 100ug/mL gentamycin, 1 mM sodium

by which PDE4 are recruited to plasma membrane areas Upomyyryvate and 5.5 mMb-glucose) at 5 10 cells/mL in a

T-cell activation remain to be elucidated, but protefmotein
interactions involving the scaffolding proteis-arrestin,
seem to play a critical role in the transient and local
accumulations of cAMP at plasma membrane areas-(
26).

Despite growing evidence for the importance of compart-
mentalization of CAMP degradation by PDEs, experimental
support is lacking so far for their role in the regulation of
lipolysis in adipocytes. Here we present evidence that
downregulation of lipolysis by three structurally completely
different agents, kD, palmitate and glimepiride, depends
on the local increase in cAMP-degrading activities (including
PDE) at LD which involves lipie-lipid rather than proteisn
protein interactions. This antilipolytic mechanism, which

shaking water bath (100 cycles/min, 3Z) under constant
bubbling with 5% CQ@95% O, for the incubation with
insulin, palmitate, GO and glimepiride prior to the stimulation
of lipolysis by isoproterenol, ADA, forskolin or dibutyryl-
CcAMP as indicated. The preparation of stock solutions of
insulin, palmitate and glimepiride coupled to BSA has been
outlined previously 34). Recombinant GO in 10 mM
phosphate buffer (pH 7.4) at 10 U/mL was diluted in KRH
immediately before use. Stock solution of inhibitors were
made in DMSO at 10 mM. The final DMSO concentration
was kept constant at 0.5% at any inhibitor concentration.
Incubation of the adipocytes in primary culture at 5.5 mM
glucose was performed as described previoudly. (

Determination of HO,. Levels of HO, were determined

apparently leads to localized rather than total decreases inwith 150«L aliquots of the adipocyte suspensions. Medium

cytosolic CAMP, is clearly different from that engaged by
insulin and emphasizes the critical role of dynamic and
regulated compartimentalization of cAMP degradation for
signalingzia cAMP, in general, and inhibition of lipolysis,
in particular.

was separated from the cells by centrifugation through 300-
uL cushions of dinonylphthalate and assayed feOpby

the chromogenic method of Ngo and Lenho®2). Cell
breakage and the release of®i-degrading enzymes were
monitored by determining lactate dehydrogenase release and
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by following the disappearance of exogenously addgd,;H  as small amounts of DAG, cholesterol and total phospholipids
(80 uM), respectively. Alternatively, kD, generation was  (data not shown). Judging from the protein profile (Coo-
detected by reduction of NBT which leads to a relatively massie blue), the top fraction contained a very small amount
stable product detectable at 560 nm for at least 120 min of protein, only. When larger amounts of the top fraction
following initiation. The assay was performed by incubating were loaded, about 20 proteins were detected with five being
(2 h, 37°C) 250uL aliquots of the adipocyte suspensions abundant. This protein composition was clearly distinct from
with 0.2% NBT and 5.5 mM glucose in the absence or that of total cell lysate (data not shown). Lactate dehydro-
presence of GO under 5% GO5% Q.. After centrifugation genase activity, calnexin, integrin and golgin, markers for
of the incubation mixtures (5@ 2 min, 15 °C), the the cytosol, endoplasmic reticulum, plasma membrane and
infranatants were removed from the floating adipocytes by Golgi apparatus, respectively, were hardly or not detected
suction and 10Qe portions were supplemented with for- in the top fraction. Thus, it is unlikely that the lipids and
mazan dissolved in 106L of 50% acetic acid. Absorbance proteins in the top fraction were contaminants from the
was determined at 560 nm in a microtiter plate reader denser cytosolic or membrane fractions.
(Spectromax Plus, Molecular Devices, USA). Protein Extraction from LDFor denaturating conditions,
Preparation of LD, Microsomes and CytosalD were the washed LD were suspended in 4-fold Laemmli sample
prepared according to published procedur@d 84) with buffer containing 20% SDS (typically 50L per 10uL of
the following modifications: After the incubation, adipocytes LD) by incubation (10 min, 65°C). After centrifugation
in 25 mL of incubation mixture were washed two times with (1000@, 5 min, 25°C), the infranatant was withdrawn by
KRH by flotation (20®, 1 min, 15°C) and removal of the  suction and proteins were precipitated under denaturing
infranatant by suction and then homogenized in 4 mL of conditions. For native conditions, the washed LD were
buffer L (25 mM Tris/HCI, pH 7.4, 250 mM sucrose, 5 mM  suspended in buffer lacking sucrose and containing 1 M
NaF, 10 mM NaPR 1 mM NaVO,, 1 mM EDTA, 5 ug/ NacCl, 0.2% TX-100, 1.5% BATC and 60 mM octylgluco-
mL pepstatin, 2Q:g/mL leupeptin, 1 mM benzamidine, 0.5 side, then treated in a bath sonicator{30-s periods with
mM PMSF) supplemented with complete protease and 30-s intervals, 15C, maximum power) and incubated (15
phosphatase inhibitor cocktail tablets (Roche) at@5The min, 37 °C). After centrifugation (1000f) 5 min), the
homogenate was centrifuged (80® min, 15°C). For the infranatant proteins were precipitated under native conditions.
preparation of LD, 1-mL portions of the supernatant were  Protein Precipitation For native conditions, protein
combined with 1.5 mL of 65% sucrose (w/v) each and poured samples were supplemented with BSA (final concentration
into 5-mL centrifuge tubes. 1.5 mL of 10% sucrose (w/v) 0.1 mg/mL) and then PEG6000 (25% in Mops/KOH, pH
was then layered on top of the sucrose cushion. The tube7.4,0.5 mM DTT, 0.5 mM MgG] final concentration 12%).
was filled to capacity with buffer L lacking sucrose. The After incubation (1 h, on ice) and centrifugation (12600
gradients were centrifuged (172@)A h, 15°C) and then 10 min, 4°C), precipitated proteins were washed with 0.5%
allowed to coast to rest. The floating fraction of LD was PEG6000 and then dissolved in 20 mM Tris/HCI (pH 7.4),
visualized as the upper white layer of the gradient, isolated 1 mM EDTA, 0.5 mM DTT, 20 mM octylglucoside, 0.1%
by suction with a syringe (0:50.8 mL) and washed two  BATC and protease and phosphatase inhibitors at D1hg
times with 4 mL of buffer L each. LD were reisolated from protein/mL. For denaturing conditions, proteins samples were
incubation mixtures by 10-fold dilution with buffer L, incubated (1 h, on ice) with 5% trichloro-acetic acid and
subsequent centrifugation (120009, 2 min,°Ty and final centrifuged (1200§,10 min, 4°C). Precipitated proteins were
removal of the upper lipid layer by suction. For incubation, washed with cold acetone, dried and then solubilized in
LD were suspended in 5 volumes of buffer L (5000 uL) 2-fold Laemmli sample buffer (24 mg/mL).
under sonication in bath ultrasonifier ¢§30-s periods with Extraction and Determination of LD Lipid§or determi-
30-s intervals, 15C, maximum power) and then treated as nation of total lipid mass, lipids were extracted from LD
indicated. Subsequently, LD were reisolated by sucroseinto methanol by a modification of the Bligh and Dyer
gradient centrifugation (see above) and suspended in themethod 87) in which methanol was replaced with 2-pro-
desired volume. For preparation of cytosol and microsomes, panol. Monophasic extracts were partitioned into two phases,
the infranatant of the gradient centrifugation was diluted with and the organic layer was washed three timek WiM KCI
three volumes of buffer L and then recentrifuged (10@)00 (38). Total lipid mass was estimated gravimetrically after
1 h, 4°C). The supernatant was used as cytosol, the pelletremoving solvent under a gentle stream ofgds. For TLC
(= microsomes) was washed once with buffer L and then analysis, lipids were extracted from LD using methanol/
suspended in buffer L at-24 mg of protein/mL. acetone (1/1, by vol.). The solvent was removed byghis,
The identity and purity of the LD was studied as described and the lipids were dissolved in methanol and spotted onto
previously @4). Briefly, when the top fraction of the sucrose TLC plates (silica gel 60) developed first with chloroform/
gradient, which yielded a layer of white matter, was stained methanol/acetic acid (98/2/1, by volume) and then with
with Oil red O, a dye specific for neutral lipids, a number hexane/diethyl ether/acetic acid (80/20/1, by volume). The
of red-colored spheres were observed under a microscopeplates were soaked in 8% phosphoric acid containing 3%
Thin layer chromatography of the lipids extracted from the cupric acetate. Lipid classes were visualized by heating at
gradient fractions revealed almost quantitative recovery of 130°C. For quantitative evaluation, the plates were scanned
TAG, cholesteryl ester, cholesterol and phospholipids in the and the densities of the lipid spots were measured with
top fraction. In agreement with previous finding&s( 36), standard imaging software. Standard curves were created
LD from control adipocytes contained high contents of using various amounts of standard triolein, cholesteryl oleate,
cholesteryl esters, TAG and an unknown neutral lipid species cholesterol, dioleoyl glycerol and phosphatidylcholine spotted
that migrated between TAG and cholesteryl esters as well and developed under the same conditions on the same plates.
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Ficure 1: Effect of insulin, glimepiride, palmitate and GO on the isoproterenol-, forskolin-, dibutyryl-cAMP- and ADA-stimulated release
of glycerol and FA. Isolated rat adipocytes were incubated®°@)in the absence or presence of increasing concentrations of insulin (5
min), glimepiride (60 min), palmitate (120 min) and GO (20 min) prior to the addition of isoproterenol (final concentratidyy ADA

(2 U/mL), dibutyryl-cAMP (1 mM), forskolin (25:M) or buffer alone (basal) as indicated. After further incubation (2 h), the medium was
separated from the adipocytes and analyzed for glycerol (panel A) and FA (panel B) released as welb@s fenidrated by GO action
using the chromogenic (panel A) or NBT (panel B) method as described in Materials and Methods. @M&hsa = 4 adipocyte
preparations with incubations in triplicate each; significant differenpes Q.05) for isoproterenol-, ADA- and forskolin-induced lipolysis
with insulin = 0.02 nM, glimepiride> 0.5uM, palmitate> 0.5 mM and GO> 2 mU/mL as well as for dibutyryl-cAMP-induced lipolysis
with insulin = 0.1 nM compared to the absence of the agents.)

SDS-PAGE and ImmunoblottingSDS-PAGE and im- ing to the N-terminal region of human perilipin-A (GP29);
munoblotting using chemiluminescent detection were per- anti-ADRP (monoclonal, 1:250) and anti-TIP47 (monoclonal,
formed as outlined previoush28, 29) with the following 1:400) delivered by Progen Biotechnik (Heidelberg, Ger-
primary antibodies: Anti-HSL (1:100) raised in rabbits many); anti-caveolin-1 (1:2000) and anti-vimentin (1:750)
against a synthetic peptide, GPRLELRPRPQQAPRS, cor-raised in rabbits and delivered by BD Transduction Labo-
responding to rat HSL amino acids 32841 and delivered  ratories (San Jose, USA); anti-PDE isoforms (monoclonal,
by Biotrend (Cologne, Germany); anti-perilipin-A (1:1000) 1:200) delivered by Scottish Biomedicals (Glasgow, U.K.).
raised in guinea pigs against a synthetic peptide correspond-Chemiluminescent detection (ECL, Amersham-Buchler) and
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Ficure 2: Effect of insulin, glimepiride, palmitate and GO on the isoproterenol- and dibutyryl-cAMP-stimulated association of HSL and
perilipin with LD. Isolated rat adipocytes were incubated (&) in the absence or presence of insulin (0.5 nM, 5 min), glimepiride (10
uM, 60 min), palmitate (1 mM, 120 min) and GO (10 mU/mL, 20 min) prior to the addition of isoproterenol (final concentratidh 1

or dibutyryl-cAMP (1 mM) or buffer alone. After further incubation (20 min), the adipocytes were separated from the medium and used
for the preparation of LD. Proteins were extracted and precipitated under denaturing conditions and finally immunoblotted for HSL and
perilipin-A as described in Materials and Methods. The specificity of the HSL antibodies was tested with recombinant human HSL which
resulted in labeling of a single 82-kDa crossreactive polypeptide. Lumiimages of a typicalFSREE are shown. Quantitative evaluation

by lumiimaging is given with the amount of HSL and perilipin-A recovered with LD from basal untreated adipocytes set at 100. (Means
+ SD, n = 3 adipocyte preparations with immunoblotting in duplicate; bold numbers indicate significant differences compared to the
isoproterenol- or dibutyryl-cAMP-induced HSL or perilipin-A translocation in the absence of agpnt d.01.)

insulin

quantitative evaluation of the lumiimages was performed on Kodachrome microcrystalline cellulose plates and sub-
using the Roche Lumiimager system and software (Roche,sequent phosphorimaging. Rates of adenosine generation
Mannheim, Germany) as described earli@d)( were linear within this time period, and the maximal amount

Determination of Cytosolic CAMP Lels. cAMP levels of degraded cAMP never exceeded 10%. For the analysis
were determined from 5@L portions of cytosol using a  of microsomes, purified '8Nuc (0.05 unit,Crotalus atroy
commercially available competitive ELISA kit with a cAMP-  was included into the reaction mixture.

alkaline phosphatase tracer according to the instructions of \jiscellaneous Published procedures were used for the
the manufacturer Biotrend (Cologne, Germany) in the wells getermination of glycerol and FA release from adipocytes
of a 96-well plate precoated with mouse anti-rabbit 19G. (40, 41) and the preparation of DIG&9). Protein concentra-

After addition of cAMP antiserum and equilibration, the plate tjon was determined by using the BCA method (Pierce) with
was washed. Thereafter, the alkaline phosphatase substrat@gs as calibration standard. Concentratisasponse curves

p-nitrophenyl phosphate, was added. Product formation of yere fitted by using the GraphPad Prism 4.03 software.
this enzymic reaction was monitored at 412 nm. The assayFigyres of lumiimages were constructed using the Adobe

permits CAMP measurements within the range 638800  ppotoshop software (Adobe Systems, Mountain View, CA).
pmol/mL, typically with a detection limit of 10 nM, intra-

assay and inter-assay precisions of20%, and cross- RESULTS
reactivities with AMP and adenosine of less than 0.05%.

Corwersion of CAMP to AdenosinReactions were started Inhibition of Lipolysis by Insulin, kD,, Palmitate and
by the addition of }*C]cAMP (final concentration 2@M, 3 Glimepiride in Rat Adipocytes Depends on Different Mo-
x 10° cpm/well) to 25uL of LD or the corresponding lecular MechanismsAs a first step in differentiating the
amount of extracted protein or microsomes in buffer L in a antilipolytic activities of HO,, palmitate, glimepiride and
total volume of 10QuL in the wells of 96-well microtiter insulin, their effects on lipolysis induced by either receptor/
plates. Samples (10L each) were withdrawn at 0, 30, and adenylyl cyclase-dependent or independent upregulation of
60 min and then analyzed for radiolabeled adenosine by TLCthe cAMP signaling cascade was investigated. For this,
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Perilipin-A ADRP TIP47
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palmllate -

Caveolin-1 Vimentin

Ficure 3: Effect of glimepiride, palmitate and GO on the protein composition of LD. Isolated rat adipocytes were incubategi3the

absence or presence of glimepiride ¢4, 60 min), palmitate (1 mM, 120 min) or GO (10 mU/mL, 20 min) and then separated from the
medium for the preparation of LD. Proteins were extracted from the LD, precipitated under denaturing conditions and immunoblotted
for perilipin-A, ADRP, TIP47, HSL, caveolin-1 and vimentin. Lumiimages from a experiment are shown repeated once with similar
results.

Table 1: Effect of Insulin, Glimepiride, Palmitate and GO on the Lipid Composition ¢f LD

lipolysis stimulator lipolysis inhibitor CholE LX TAG DAG/Chol PL
basal 28+ 3 18+5 49+ 10 0.8+ 0.3 1.9+ 0.6
isoproterenol 224 13+ 2 44+ 5 1.4+ 0.2 2.0+ 04
insulin 29+ 5 20+ 3 47+ 8 0.7+ 0.3 1.6+0.8
glimepiride 30+ 7 22+5 51+ 11 0.8+ 0.4 2.2+0.8
palmitate 327 19+ 6 53+ 10 0.9+ 0.4 1.8+ 0.6
GO 33+ 8 17+£5 52+ 12 1.1+ 05 24+ 14
dibutyryl-cAMP 20+ 3 14+ 4 40+ 6 13+04 2.2+ 0.7
insulin 30+ 4 19+ 3 51+7 0.7+ 0.3 2.7+ 0.9
glimepiride 22+ 4 11+3 39+ 6 0.6+ 0.2 2.1+ 0.7
palmitate 195 12+ 4 38+ 9 1.0+ 04 1.8+ 05
GO 23+ 4 15+ 3 42+7 0.9+ 0.3 1.8+ 0.6

a|solated rat adipocytes were incubated (€} in the absence or presence of insulin (0.5 nM, 5 min), glimepiride:( P60 min), palmitate
(1 mM, 120 min) and GO (10 mU/mL, 20 min) prior to the addition of isoproterenol (final concentratidvl)lor dibutyryl-cAMP (1 mM) or
buffer alone (basal). After further incubation (2 h), the adipocytes were separated from the medium for the preparation of LD. Lipids were extracted
from the LD, then separated by TLC and finally visualized with iodine vapor. The solvent system resolved cholesteryl ester (CholE), the unknown
lipid species (LX), TAG and diacylglycerol (DAG)/cholesterol (Chol) but left phospholipids (PL) as revealed by comparison with lipid standards
run in parallel on the same plate. The relative amounts (%) of the major lipid classes were quantitatively evaluated by densitometric scanning of
the plates using ImageQuant software and comparison with TLC standards. LX was quantified against a TAG standard curve. SMeans
3 adipocyte preparations with determinations in duplicate.)

lipolysis was induced in isolated rat adipocytes by maximally forskolin and ADA stimulation. In contrast, the glycerol and
effective concentrations of isoproterenol (by 14-fold above FA release triggered by nonhydrolyzable dibutyryl-cAMP
basal) for stimulation of the &protein-coupled3-adreno- was not affected significantly by glimepiride, palmitate and
ceptors, ADA (by 12-fold above basal) for deactivation of GO, and moderately but significantly reduced in response
the G-protein-coupled Al-adenosine receptor in the course to insulin (IG, = 0.1 nM). Basal lipolysis (absence of
of adenosine removal, forskolin (by 8-fold above basal) for lipolytic stimulus) was low with the incubation conditions
direct receptor-independent stimulation of adenylyl cyclase employed and reduced further and nonsignificantly to up to
or dibutyryl-cAMP (by 5-fold above basal) for direct the detection limit of glycerol and FA in response to all four
activation of PKA. Treatment of adipocytes with insulin, agents (Figure 1).

palmitate, glimepiride or GO (for the generation of(4) The concentrations of D, generated by GO action {1
diminished the isoproterenol-, ADA- and forskolin-induced 100 mU/mL) in the incubation medium of the rat adipocytes
release of glycerol (Figure 1A) and FA (Figure 1B) into the and determined by two different methods were-200uM
incubation medium in concentration-dependent and signifi- (Figure 1) and thus within the range previously reported to
cant fashion by up to 8090%, 45-55%, 55-65% and 76 be generated in the medium of 3T3-L1 adipocy#® @nd
80%, respectively. For each antilipolytic agent, thedC  to exert potent insulin-mimetic activitin vitro (19). GO-
values for inhibition of glycerol and FA release were similar induced elevation in kD, and inhibition of lipolysis was
and did not differ significantly between isoproterenol, not observed during the concomitant presence of catalase
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Ficure 4: Effect of PDE inhibition on blockade of the isoproter-
enol-, ADA-, and forskolin-stimulated lipolysis by insulin, glime-
piride, palmitate and GO. Isolated rat adipocytes were incubated
(5 min, 37°C) in the absence or presence of IBMX (19¥),
cilostamide (1uM) or rolipram (25uM), followed by incubation
(37°C) with insulin (0.5 nM, 5 min), glimepiride (1@M, 60 min),
palmitate (1 mM, 120 min) or GO (10 mU/mL, 20 min) prior to
the addition of isoproterenol (final concentrationu1), ADA (1
U/mL) or forskolin (254M) as indicated. After further incubation

(2 h), the medium was separated from the adipocytes and analyze
for glycerol released. Inhibition of isoproterenol-, ADA- or for-
skolin-induced glycerol release in the absence of PDE inhibitor was
set at 100% for insulin, glimepiride, palmitate, and GO, each.
(Means+ SD, n = 4 adipocyte preparations with incubations in
duplicate each; * indicates significant differences compared to the
inhibition of isoproterenol-, ADA- or forskolin-induced glycerol
release by insulin, glimepiride, palmitate and GO in the absence
of inhibitor atp < 0.01.)
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rather than on interference with (receptor-mediated) cCAMP
synthesis. The same is apparently true for the antilipolytic
activity of insulin which, however, may encompass cAMP-
independent mechanisms, in addition, such as the previously
reported insulin-triggered dephosphorylation of HSI3)(

The molecular basis for the initiation of lipolysis in
adipocytes is regarded to rely on the PKA-dependent phos-
phorylation of the major TAG and DAG lipases, ATGL and
HSL, respectively, as well as of the major LD-associated
protein, perilipin @4). Phosphorylated HSL and perilipin
have been shown to translocate from the cytosol to LD and
vice versafrom LD to the cytosol, respectively, which ap-
parently leads to increased accessibility of LD for digestion
of the contained TAG by HSL1Q, 11). Both phosphorylation
and translocation are antagonized by insulin resulting in
inhibition of lipolysis. To study whether the antilipolytic ac-
tivity of glimepiride, palmitate and kD, also depends on
interference with HSL and perilipin translocation, isolated
rat adipocytes were incubated with these agents, challenged
with isoproterenol or dibutyryl-cAMP and then analyzed for
the association of HSL and perilipin with LD. Isoproterenol
or dibutyryl-cAMP increased the amount of LD-associated
HSL by 6- to 7-fold and decreased that of perilipin-A by
90% compared to the basal state (Figure 2). The isoproter-
enol-induced translocation of HSL to and of perilipin-A from
LD was reduced significantly by maximally effective concen-
trations of insulin, glimepiride, palmitate and GO. In con-
trast, the dibutyryl-cAMP-induced translocation of HSL and
perilipin-A remained unaffected by glimepiride, palmitate
and GO, and was moderately but significantly diminished by
insulin, only (Figure 2). The significant reduction of the iso-
proterenol-induced perilipin-A translocation by GO was not
paralleled to a corresponding decrease in HSL translocation
which might explain the observed failure of GO to counteract
the dibutyryl-cAMP-induced lipolysis (see Figure 1).

Upon incubation of the adipocytes with isoproterenol or
dibutyryl-cAMP for 2 h, the period routinely used for
assaying lipolysis inhibition, the amounts of the neutral lipids
(TAG, cholesteryl ester, unknown lipid species) found
associated with LD tended to decrease but remained almost
unaltered during the concomitant presence of insulin (Table
1). Palmitate, glimepiride or GO treatment reversed the
isoproterenol- but not the dibutyryl-cAMP-induced reduc-
tions in the neutral lipids. However, all these changes were

nly trends which did not reach statistical significance.

emarkably, there were no trends for changes in the amounts
of LD-associated phospholipids, cholesterol and DAG upon
challenge with isoproterenol alone or in combination with
insulin, palmitate, glimepiride or GO within the assay period
and detection limit (Table 1). Prolonged periods of isopro-
terenol stimulation (1830 h) in the absence but not presence
of the four antilipolytic agents led to significant reductions
in the amounts of neutral lipids, cholesterol, and phospho-

(data not shown). These findings demonstrated that thelipids (data not shown). These findings argue for a general

antilipolytic activity of GO action is mediated by.B,. Loss
of H,O, by cell breakage and release of®3-degrading
enzymes was determined with exogenously addgob see

blockade by insulin, glimepiride, palmitate and®4 of the
apparently coordinated lipolytic degradation of neutral lipids
and phospholipids at LD rather than for selective stabilization

Materials and Methods) and calculated as being less thanor upregulation of the LD surface phospholipid monolayer,
15% under the experimental conditions used. These findingswhich is assumed to act as barrier for HSL and ATGL.

provided first evidence that in adipocytes inhibition of
cAMP-induced lipolysis by glimepiride, palmitate and®3
critically depends on upregulation of cAMP degradation

Immunoblotting for typical LD-associated proteins demon-
strated comparable amounts of perilipin-A, ADRP, TIP47,
caveolin-1 and vimentindb—47) in the top fraction of LD
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Ficure 5: Effect of the inhibition of IR, PI3, PKB and MAPKK on the blockade of the isoproterenol-stimulated release of glycerol by
insulin, glimepiride, palmitate and GO. Isolated rat adipocytes were incubated (5 mi§)3di the absence or presence of increasing
concentrations of HNMPA-(AM) wortmannin, 124005 or PD098059 prior to the addition of insulin (final concentration 0.5 nM, 5 min),
glimepiride (10x«M, 60 min), palmitate (1 mM, 120 min) or GO (10 mU/mL, 20 min) as indicated. After further incubation (15 min),
isoproterenol (final concentrationiM) was added and the incubation continued. Afzén the medium was separated from the adipocytes
and analyzed for glycerol released. Inhibition of glycerol release in the absence of inhibitor was set at 100% for insulin, glimepiride,
palmitate, and GO, each. (Mea#isSD, n = 3 adipocyte preparations with incubations in quadruplicate each; * indicates significant differences
compared to the inhibition of isoproterenol-induced lipolysis by insulin, glimepiride, palmitate and GO in the absence of inhibitor at
0.01.)

from untreated and palmitate-, glimepiride- or GO-treated PDE activity. The PDEs engaged, however, differ between
adipocytes (Figure 3). The considerable abundance ofinsulin (predominantly cilostamide-sensitive) and glime-
perilipin-A compared to ADRP and TIP47 is in agreement piride, palmitate or KO, (rolipram-sensitive).

with the reported predominant expression of this PAT protein
at LD of mature primary adipocyte84, 48). Thus, lipolysis
inhibition by palmitate, glimepiride and J@. relies on the
specific blockade of the cAMP-dependent translocation of
HSL and perilipin to and from LD, respectively.
Different PDE Isoforms Mediate Inhibition of Lipolysis

by Insulin, HO,, Palmitate and Glimepiridelnhibition of
cAMP-dependent translocation of HSL and perilipin by

Upregulation of the PDE activity by insulin in adipocytes
has been demonstrated to depend on the activation 8{PI3
and PKB, two key components downstream of the IR, rather
than on activation of the MAPK(K) acting downstream of
PI3K and PKB. To study whether lipolysis inhibition by
glimepiride, palmitate and ., which apparently also relies
on PDE activity, engages (parts of the) insulin signaling,
isolated rat adipocytes were incubated with these agents in

insulin in adipocytes is based mainly on the degradation of the presence of increasing concentrations of the IR kinase

cAMP by PDE3B, and to a minor degree PDE4. To study
whether the antilipolytic activities of glimepiride, palmitate
and HO; also depend on PDE activity, isolated rat adipo-

inhibitor HNMPA-(AM)3, the PI3K inhibitor wortmannin,
the PKB inhibitor 124005 or the MAPKK inhibitor PD98089
and then assayed for isoproterenol-induced lipolysis (Figure

cytes were incubated with these stimuli in the presence of 5). Blockade of isoproterenol-induced lipolysis by insulin

the cell-permeable unspecific PDE inhibitor IBMX, the
PDE3B inhibitor cilostamide, or the PDE4 inhibitor rolipram
and after lipolytic challenge assayed for lipolysis (Figure 4).
IBMX reduced inhibition of the isoproterenol-, ADA- and
forkolin-induced lipolysis by glimepiride, palmitate, GO and
insulin by 75-90%. Cilostamide blocked lipolysis inhibition
by insulin by 46-50%, but did not affect significantly the
antilipolytic effect of glimepiride, palmitate and GO. In
contrast, rolipram diminished lipolysis inhibition by glime-
piride, palmitate and GO by 7®8B5%, but by insulin
nonsignificantly by 26-25%, only. Rolipram and cilostamide
in combination antagonized lipolysis inhibition by all four
agents and even more efficiently than IBMX. Thus, down-
regulation of cAMP-induced lipolysis by insulin, glimepiride,
palmitate and kIO, in rat adipocytes critically depends on

and GO was significantly and concentration-dependently
reduced by HNMPA-(AM3, wortmannin and 124005 to
almost basal values and by up to-300%, respectively. In
contrast, blockade of lipolysis by glimepiride was reduced
by wortmannin and 124005 significantly by up to 40%, only,
but not affected by HNMPA-(AMa. Lipolysis inhibition by
palmitate was not altered significantly by these three inhibi-
tors of insulin signaling. Thus, the antilipolytic activity of
glimepiride and HO,, but not palmitate, depends on up-
regulation of insulin signaling at the level of the RMAPKB

and IR/PI3K/PKB, respectively, albeit to a moderate degree
only. PD98089 had no significant effect demonstrating that
the MAPK cascade is not involved in lipolysis inhibition by
palmitate, HO, and glimepiride as also shown previously
for insulin (14).
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Ficure 6: Effect of insulin, glimepiride, palmitate and GO on cytosolic CAMP level. Isolated rat adipocytes were incubated (5 taip, 37
without or with IBMX (100xM) and then treated (37C) in the absence or presence of insulin (0.5 nM, 5 min), glimepiride«{1P60

min), palmitate (1 mM, 120 min) or GO (10 mU/mL, 20 min) prior to the addition of isoproterenol (final concentratibh fllled bars)

or ADA (1 U/mL, hatched bars) or buffer alone (open bars). After further incubation (1, 5 or 20 min), the adipocytes were separated from
the medium. Cytosol was prepared in the presence of IBMX (A1) and analyzed for cAMP levels. (Means SD, n = 3 adipocyte
preparations with incubations in triplicate eacH, it/dicate significant differences compared to the isoproterenol- or ADA-induced cAMP
levels in the absence of insulin, glimepiride, palmitate, GO and IBMX} at 0.01 [*] or presence of insulin gt < 0.05 [].)

Palmitate, Glimepiride and D, Induce Upregulation of  degree as elicited by insulin and detectable with the assay
PDE and 5-Nuc Actiities at LD. The activation of PDE3B ~ method used.
in adipocytes in response to insulin triggers a pronounced The apparently constant total cytosolic cAMP levels during
decline in cytosolic cCAMP levels effective during the short lipolysis inhibition by glimepiride, palmitate and.B, are
period of insulin receptor-dependent K3and PKB activa- surprising on the basis of the observed requirement of PDE
tion. To study whether challenge with glimepiride, palmitate action. This may be explained by compartmentalization of
and HO; leads to decreases in cytosolic CAMP, isolated rat the cAMP degradation since local reductions in CAMP in
adipocytes were incubated with these agents prior to chal-the immediate vicinity of the LD could prevent the cAMP-
lenge with ADA and isoproterenol for various periods. dependent translocation of HSL and perilipin but may escape
Determination of the cAMP levels in the cytosol revealed detection by measurement of total cytosolic cCAMP levels.
(Figure 6) ADA- (left panels) or isoproterenol- (right panels) The local degradation of cCAMP may be catalyzed by (so far
induced drastic increases at 1 and 5 min, but not at 20 min,unknown) PDEs and/or other activities which become
and thus confirmed the short-lived nature of the cAMP signal, expressed at LD in response to glimepiride, palmitate and
which is sufficient for the initiation of lipolysis. Insulin  H,0O,. To test for this possibility, LD and microsomes were
significantly lowered the isoproterenol- and ADA-induced prepared from isolated rat adipocytes treated with these
cAMP levels to almost basal levels in the absence but not agents prior to challenge with isoproterenol and then assayed
presence of IBMX. In contrast, glimepiride, palmitate and for the conversion of exogenous cAMP to adenosine in the
GO did not exert significant effects on the elevated cytosolic absence or presence of various inhibitors (Figure 7).
CAMP levels at all time points studied (Figure 6). Thus, the  The rate of conversion of cAMP to adenosine was
antilipolytic activity of glimepiride, palmitate andJ@, does significantly higher with LD from glimepiride-, palmitate-
not depend on the lowering of total cytosolic cCAMP to a and GO-treated adipocytes compared to those from basal
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700 Eb?sal id . * Characterization of the LD-Associated PDE aneNiic.
T s00d Cpaimitate The nature of the LD-assocated PDE activity in rat adipocytes
§ 500 Go was further characterized by studying its sensitivity toward
o = b isoform-specific PDE inhibitors at concentrations which
Py 5400 * * * exceed their Ig-values by about 10-fold (Table 2). As
§ S 300 { § * expected, microsomal cAMP-to-adenosine conversion was
g 200 § F sensitive toward cilostamide and, to a lower but significant
® 100 | | #4# § #anllleee I § degree, rolipram and cGMP, which is compatible with
L0 PDE3B and PDE4 representing the major PDE isoforms at
LD R A R LR L L the endoplasmic reticulum of rat adipocytes. cAMP-to-
:g‘;;’ff;g‘*:m L IIIIIITTLTonnoee adenosine conversion by LD was completely blocked by
Rolpram (25 M) - - # = - = = # =« < = H - - o oh oo - IBMX, the nonhydrolyzable cAMP-analogue, SP-8-Br-
g:‘:‘;‘t’;’ngdg‘:‘:) m oo It e cAMPS and rolipram, whereas downregulation by isoform-
Bzt et m e specific inhibitors of PDE1 (20@M vinpocetine), 2 (0.1
basal uM BAY 60-7550), 3 (1uM cilostamide), 5 (0.1uM
I glimepiride [uM] sildenafil), 6 (5uM zaprinast), 7 (BRL 50481), 8 (10M

NI palmitate [mM]

dipyridamole), 9 (5uM zaprinast) and 10 (1M dipy-
ridamole) had no significant effect. The same was true for
excess of cGMP, which argues for cAMP specificity of the
relevant LD-associated PDE and its nonidentity with the
cGMP-inhibitable PDE3B as well as cGMP/cAMP-specific
PDES5, 6, 9, 10 and 11. Thus, the LD-associated PDE of rat
adipocytes is apparently not identical with the PDE isoforms
1-3, 5-11. It may be related to PDE4 or constitute a novel
type of PDE.

1 2 5100205 1 2 20 50100200 To test for these possibilities, proteins were extracted from
FiGURE 7: Effect of glimepiride, palmitate and GO on the LD, which had been treated with GO, and then immunob-
conversion of cAMP to adenosine by LD. Isolated rat adipocytes lotted for distinct PDE isoforms, in particular, PDE4, in
were incubated (37C) in the absence (basal) or presence of comparison with microsomes, cytosol and DIGs (Figure 8).
glimepiride (10uM, 60 min), palmitate (1 mM, 120 min) or GO |5 agreement with recent reports cytosol of rat adipocytes

(10 mU/mL, 20 min) (upper panel), or increasing concentrations : :
of glimepiride, palmitate and GO (lower panel) and then separated contained PDE4A, PDE4B, PDEAC and PDE4D, exclusively

from the medium. LD (both panels) and microsomes (upper panel) (49), microsomes PDE3A and predominantly PDE3JE, (
were prepared from the adipocytes and then assayed for the50) as well as PDES8, and DIGs PDE3B and PDE4C. In LD

conversion of cCAMP into adenosine in the absence (lower panel) [ow amounts of PDE7, PDE3B, PDE2 and PDES8 (declining

or presence (upper panel) of inhibitors as indicated. (Measd ; ;
of 4 adipocyte preparations with incubations in duplicate ea¢h; */ order of signal strength) were only detectable. This PDE

indicates significant differences compared to the basal [*] or diStribution was not altered with insulin-, glimepiride-,
glimepiride-/palmitate-/GO-induced] [adenosine production inthe ~ Palmitate-treated or untreated adipocytes (data not shown).
absence of inhibitor ab < 0.01.) However, these immunoblotting data allowed semiquantita-
tive evalution of PDE expression, only, due to the unknown
cells (Figure 7, upper panel). The E&values closely  reactivity of the isoform-specific antibodies used and the lack
corresponded to the kgvalues for lipolysis inhibition by of the corresponding purified rat PDE isoforms as appropriate
each agent (Figure 7, lower panel, see Figure 1). Theloading and normalization controls. For further substantiation
involvement of PDE and'8Nuc activities in the conversion  of the nonidentity of the LD-associated PDE, which is
of CAMP to adenosine by the LD was demonstrated by its upregulated by the lipolytic agents, with PDE7, PDE3B and
significant lowering in the presence of IBMX and rolipram PDEZ2, their extraction behavior from LD of GO-treated
(but not cilostamide), as well as theSuc inhibitor AMPCP adipocytes was compared to that of the cAMP-to-adenosine
(Figure 7, upper panel). The stability of the interaction of conversion activity (Figure 9). Treatment with high salt but
the cAMP-to-adenosine converting enzyme(s) with LD was not bacterial PI-PLC led to release of significant portions of
demonstrated by recentrifugation on sucrose gradients withPDE3B (95%), PDE7 (70%) and PDE2 (97%) from the LD
recovery of the major portion of the loaded conversion into the infranatant upon sucrose gradient centrifugation
activity from the top fraction together with the LD. Conver- compared to control incubations (upper panels). In contrast,
sion of cCAMP to adenosine was also significantly increased the LD-associated cAMP-to-adenosine conversion activity
(in cilostamide-sensitive fashion) with microsomes from was almost unaffected by high salt treatment compared to
palmitate- and GO-treated, but not glimepiride-treated adi- control but significantly released from the LD by PI-PLC
pocytes (Figure 7, upper panel). The addition of exogenousby almost 75% (lower panel). This suggests peripheral
5'-Nuc to the conversion assay did not significantly increase association of PDE3B, PDE7 and PDE2 with the k&
the rate of adenosine production (data not shown). This salt bridges whereas the (PDE component of the) cAMP-
argues against AMP-to-adenosine cleavage'dyue being degrading activity seems to interact more tightly with the
rate-limiting for the overall cAMP-to-adenosine conversion LD TAG core and/or phospholipid monolayer. Its apparent
by isolated LD. Taken together, glimepiride, palmitate and release by lipolytic cleavage hints to a role of these
H.O, induce the upregulation of a rolipram-sensitive PDE phospholipids for its interaction with the LD surface and/or
and a AMPCP-sensitive'#uc at LD. to an anchoring function of a putative phospholipid structure,

700+ GO [mU/ml]

[dpm/ul]

adenosine produced

0
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Ficure 8: Subcellular distribution of PDE isoforms. LD, microsomes (Mic), DIGs and cytosol (Cyt) were prepared from isolated rat
adipocytes which had been incubated {€j in the presence of GO (100 mU/mL, 20 min) as described in Materials and Methods. Proteins
extracted from LD and precipitated under denaturing conditions, microsomes, DIGs and cytosbd@5)) were subjected to SBDS

PAGE and immunoblotted for PDE isoforms. Lumiimages of a typical experiment are shown repeated once with similar results.

Table 2: Effect of PDE Inhibitors on the Conversion of cAMP to Adenosine by LD and MicroSomes

LD microsomes
PDE inhibitor PDE affected congM] glimepiride palmitate GO glimepiride palmitate GO
no 100+ 9 1004+ 13 100+ 8 100+ 6 100+ 9 100+ 6
cilostamide 3 1 889 79+ 7 85+ 9 15+3 17+ 4 134+ 2
rolipram 4 25 9+4 12+ 3 7+2 72+ 10 66+ 13 77+ 10
cGMP 3,5,6,9-11 100 88+ 4 78+ 6 904+ 8 43412 56+ 13 4848
IBMX 1-11 10 3+1 3+3 5+ 3 5+1 6+ 2 8+ 2

a|solated rat adipocytes were incubated {&€} in the presence of glimepiride (10, 60 min), palmitate (1 mM, 120 min) or GO (10 mU/mL,
20 min) and then separated from the medium for the preparation of LD and microsomes. LD and microsomes were incubated {€)nmirth&7
absence or presence of various PDE inhibitors at the concentrations indicated and then assayed for cCAMP-to-adenosine conversion as described in
Materials and Methods. The activity measured with LD or microsomes in the absence of inhibitor was set at 100% for glimepiride, palmitate and
GO, each. (Means: SD, n = 4 adipocyte preparations with determinations in triplicate; bold numbers indicate significant differences compared
to the absence of PDE inhibitor pt< 0.05.)

such as glycosylphosphatidylinositol, covalently attached to unraveled 26, 53, 54), little is known so far about how PDEs,
the protein moiety§1). The different extraction character- central elements for the control of cAMP degradation,
istics of the cAMP-to-adenosine conversion activity on one participate in higher-order signaling complexes and contrib-
side and of the PDE3B, PDE7 and PDE2 on the other sideute to cAMP compartmentalizatior2%, 55, 56). Recent
together with the rather low expression of the latter strongly studies proposed that distinct PDE isoforms regulate different
argues for noninvolvement of the known adipocyte PDE cAMP pools in cardiomyocytes5y) and adipocytes5g).
isoforms in CAMP degradation by LD in palmitate-, glime- PDEs belong to a complex and diverse superfamily of at
piride- and GO-treated rat adipocytes. least 11 structurally related, highly regulated, and functionally
DISCUSSION distinct gene families (PDEAIPDE11) 69, 60). The PDE3B
isoform is abundant in cells of importance for energy
homeostasis including hepatocytes, brown and white adipo-
cytes, and pancreatig:cells (L5, 61). In adipocytes, activa-
tion of PDE3B is thought to be the major mechanism

paradigms that were first developed from cAMP was the whereby insulin Ipwers total CAMP Ieve!s in the cytosol and
issue of compartmentalization: the concept whereby cAMP thereby antagonizes cAMP-mediated lipolysis.

can be partitioned to discrete regions of the cell with  The present study strongly suggests that local degradation
numerous regulatory consequence® (However, whereas  of CAMP in the vicinity of LD by the LD-associated CAMP-
meanwhile some of the mechanisms underlying the spa-to-adenosine conversion activity represents an additional
tiotemporal manifestation of compartmentalization of cAMP  antilipolytic mechanism in rat adipocytes that is used by three
synthesis at the level of G-protein-coupled receptors, PKA, completely different agents, palmitate, the antidiabetic sul-
A-kinase-anchoring proteins and adenylyl cyclases have beerfonylurea drug glimepiride, and 4, (Figure 10). This

Since its discovery 50 years ago, CAMP has been the
prototypical second messenger, translating the actions of
numerous extracellular effectors into consequences for virtu-
ally every aspect of cellular function. Among other signaling
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Ficure 9: Release of PDE isoforms and cAMP-to-adenosine
conversion activity from LD. Isolated rat adipocytes were incubated
(37 °C) in the presence of GO (100 mU/mL, 20 min) and then
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separated from the medium. LD were prepared from the adipocytes

and then left untreated or treated with 1.5 M NaCl (1 h@J or
with PI-PLC @. cereus1 U/mL, 2 h 30°C, 0.1% TX-100). There-

Mdiller et al.

addition, a minor portion of the lipolysis inhibition by,B,

and glimepiride apparently requires activation of the IR and/
or downstream signaling, respectively, which presumably
relies on the known inhibition of IR dephosphorylation by
H,0, (19, 20) and known stimulation of IR-independent
tyrosine phosphorylation of the insulin receptor substrate-1
by glimepiride @9, 39). (iv) The relative lipid composition

of LD does not change upon challenge with the antilipolytic
agents (Table 1) arguing against impaired accessibility of
the LD TAG core for lipases by stabilization of the LD
surface phospholipid monolayer. (v) The antilipoytic agents
do not exert significant alterations in total cytosolic cCAMP
(Figure 6) arguing for involvement of CAMP compartmen-
talization. (vi) LD from glimepiride-, palmitate- and,B,-
induced adipocytes, but not from basal and insulin-induced
cells, harbor a rolipram-sensitive cilostamide-insensitive
cAMP-to-adenosine conversion activity (Figure 7). This
activity most likely does not rely on the PDE isoforms 1, 2,
3A, 3B, 4A, 4B, 4C, 4D, 7 and 8 based on (i) their low
expression at LD compared to that at microsomes (PDE3A,
PDE3B, PDES8) and cytosol (PDE4A, PDE4B, PDE4C,
PDEA4D, PDEBS) of HO,-induced adipocytes (Figure 8), (ii)
the failure of inhibitors of PDE1, 2, 3, 7 and 8 to suppress
palmitate-, glimepiride- and #,-induced cAMP-to-adenos-
ine conversion (Table 2 and Results section) and (iii) the
extraction behavior of PDE3B, 7 and 2, the predominant LD-
associated PDE isoforms of rat adipocytes, which differs
from that of the LD-associated cAMP-to-adenosine conver-
sion activity (Figure 9).

Previous analysis of the presence of PDE4 in untreated
rat adipocytes by PCR revealed mRNA expression of all four
isoforms @9) in agreement with our immunoblotting data
(Figure 8). Furthermore, it was shown that PDE4 contributes

after, the incubation mixtures were subjected to sucrose gradientto 10—20% of total PDE activity in defatted adipocyte

centrifugation as described.in Materials and Methods.. LD were homogenates according to its rolipram sensitivity with about
removed from the top fraction and extracted for proteins under o,,q| gistribution between particulate and cytosolic fractions
native conditions. Proteins released were removed from the infra- . e .
natant (IFN) by suction. Proteins were precipitated under native (°0)- Future studies on the distribution and function of PDEs,
conditions and after dissolution immunoblotted for PDE isoforms in general, and rolipram-sensitive PDE, in particular, in
(upper panels) or assayed for the conversion of cAMP into aden- adipocytes have to consider LD as putative compartment and
SSitﬂe (|9W'3ffrz)armerl])t;gg?etgeLaDmsoelin;toiggge;?b?trrg?n\airiféogralcg\éig/y the LD-associated cAMP-to-adenosine conversion activity
etermine u 0, H H
respectively. (Means: SD, n = 3 adipocyte pregarations with  as putatlve_ PDE for cAMP degradatlon._ So far, LD have
treatments in triplicate each; bold numbers and * indicate significant 0€€n considered as TAG storage containers, only, formed
differences compared to the PDE amounts and cAMP-to-adenosineby special structural and coat proteins, which transiently
conversion of LD and IFN from untreated LD pt< 0.01.) harbor enzymes for TAG synthesis (e.g., glycerol-3-
phosphate acyltransferase; see@®fand degradation (e.g.,
conclusion is based on the following experimental evi- hormone-sensitive lipase; see ré8and63). The present
dence: (i) The three agents block lipolysis (Figure 1), reduce findings will broaden this view in that enzymes regulating
the amount of LD-associated HSL and increase the amountTAG metabolisnmvia modulation of the cAMP levels in the
of LD-associated perilipin which are raised and lowered, immediate vicinity of the sites of TAG synthesis and
respectively, in response to CAMP-elevation by isoproterenol, degradation apparently can be regarded as transiently LD-
ADA, forskolin, but not in response to nonhydrolyzable associated proteins under certain (antilipolytic) states of the
dibutyryl-cAMP (Figure 2). (ii) Lipolysis inhibition by the  adipocytes (Figure 10). Moreover, the inhibition of the

three agents is blocked by the general PDE inhibitor, IBMX,
and the PDE4 inhibitor, rolipram, but not by the PDE3
inhibitor, cilostamide, which abrogates completely the an-
tilipolytic activity of insulin (Figure 4, Table 2). (iii) Inhibi-
tion of insulin signaling reduces the antilipolytic activity of
the three agents by less than 50% @ glimepiride) or
not at all (palmitate) (Figure 5). These findings argue for
involvement of cCAMP degradation and rolipram-sensitive
PDE action for the major portion of their antilipolytic activity
which do not encompass insulin signaling and PDE3B. In

cAMP-to-adenosine conversion activity by rolipram formerly
regarded as being specific for PDE#4) necessitates
additional studies about the roles of the apparently novel PDE
component and PDE4 in adipocyte lipolysis on basis of more
specific inhibition at the level of activity or expression.

The apparently high concentrations of glimepiride and FA
used as antilipolytic stimuli in the present study raise the
guestion about their physiological relevance. The serum peak
levels of total (free and albumin-bound) glimepiride and FA
during therapy of type Il diabetes patients and starvation of
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Isoproterenol
ADA
Forskolin

@ cAMP
Vv AMP

¢ adenosine
C PDE3B

PDE
5'-Nuc,
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auisouape

diNv2

0}

LD lipid droplet

ER endoplasmic reticulum
Palmitate
Glimepiride

H,0,

| Glycerol | [Fatty Acids

| Glycerol | [Fatty Acids|

Ficure 10: Model for the inhibition of the isoproterenol-, ADA- and forskolin-induced lipolysis by palmitate, glimepiride sDgikirat
adipocytes. (A) Short-term challenge with isoproterenol, ADA or forskolin leads to elevation of total cytosolic cCAMP. This results in the
release of glycerol and fatty acids in the course of cAMP-dependent phosphorylation and translocation of HSL to and perilipin from the LD
(not shown, see text). cCAMP degradation by microsomal PDE3B is low. (B) Insulin causes degradation and thereby lowering of total
cytosolic cAMP through activation of microsomal PDE3B. This results in drastically diminished glycerol and fatty acid release in the
course of dephosphorylation and translocation of HSL from and perilipin to LD (not shown). (C) Palmitate, glimepiridgCarchtise
degradation and thereby lowering of CAMP in the immediate vicinity of the LD, only, through upregulation of the cAMP-to-adenosine
conversion activity, which is presumably constituted by distinct PDE &MUS enzymes, at the surface of the LD. This results in partially
abrogated glycerol and fatty acid release in the course of dephosphorylation and translocation of HSL from and perilipin to LD (not shown).
cAMP degradation by microsomal PDE3B is low and total cytosolic cAMP remains elevated.

rodents or humans, respectively, approach up tdMi(8) intracellular FA/acyl-CoA levels or antagonize detrimental
and 1 mM, respectively. They are thus within the range of effects of FA or reactive oxygen species. Moreover, the well-
total glimepiride and palmitate concentrations present in the known blockade of lipolysis by inhibitors of oxidative
incubation medium (which contained BSA) and shown here phosphorylation (antimycin A, rotenone) or ATP synthesis
to be effective in antilipolysis and upregulation of the cAMP- (oligomycin) 21, 22) was not abrogated by IBMX (data not
to-adenosine conversion activity at LD in isolated rat shown). This confirms that the antilipolytic activity of

adipocytes. During maximal lipolysis the intracellular FA
levels have been reported to be much higher-@0 mM,;

see ref) and may exceed the binding capacity of cytosolic
FA-binding proteins resulting in increased levels of free FA.

palmitate (and glimepiride, ¥D,) relies on specific PDE
inhibition rather than ATP depletion.

Interestingly, analysis of the cAMP metabolism in the
lower eukaryoteDictyostelium discoideumrevealed a func-

Under these conditions, feedback inhibition is assumed to tion of the 7 PDE isoformsg(7) different from cAMP com-

restrict further lipolysis which may be based on one or
several of the following mechanisms: (i) Reduction in
cytosolic ATP by the upregulated lipolytic phosphorylation
cascadedl) or inhibition of oxidative phosphorylation or
increase in ionic permeability of mitochondria, which both
have been attributed to nonspecific association of FA with
mitochondrial membrane®2), or increased formation of
cAMP from ATP, (i) direct inhibitory effect of FA and long-
chain acyl-CoA on lipases by product inhibitiosb( 66) and

(iii) increase in reactive oxygen species with insulin-mimetic
antilipolytic activity in course of upregulated mitochondrial
FA oxidation @, 4). However, the observed blockade of the
lipolysis inhibition by palmitate- (and glimepiride and®b)
(Figure 4) as well as cAMP-to-adenosine conversion by LD

partmentalizationDictyostelium discoideuncells contain
intracellular and extracellular pools of cAMP which are
regulated by combinations of two distinct PDEs, each having
different kinetic properties. One PDE has high affinity for
cAMP and relatively low capacity, while the opposite is true
for the other PDE. It was shown that these properties in
combination allow the degradation of cAMP with approx-
imately first-order kinetics over a wide range of concentra-
tions which actually occuiin zivo during multicellular
development and chemotactic responsBictyostelium dis-
coideum In analogy, it is conceivable that in adipocytes the
combination of the LD-associated PDE and other PDEs, such
as PDE3B and PDE4, which both have been identified at
the cytoplasmic faces of plasma membranes and endoplasmic

(Figure 7) in the presence of PDE inhibitors makes operation reticulum membranes24, 26, 68, 69), is tuned in such a

of these putative antilipolytic feedback mechanisms in rat way that the control of the cytosolic cCAMP pool is guaranteed
adipocytes under the experimental setup used unlikely. PDEover a wide concentration range during inhibition of lipolysis.
inhibition should not lead to normalization of ATP or It would be interesting to study whether the catalytic
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properties of the PDE component of the cAMP-to-adenosine
conversion activity complement those of its putative coun-
terpart(s).
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