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Mass spectrometry

AMPK(D157A) was incubated with PKA for one hour at 37°C in kinase buffer (200 M ATP, 50 M AMP, 5 mM MgCl2, 1 mM DTT, 10 mM HEPES pH 7.2), spiked with [-32P]ATP resulting in a specific activity of 2700 mCi/mmol. The reactions were stopped by addition of 10 L SDS sample buffer (105 mM Tris-HCl pH 6.8, 4% (w/v) SDS, 15% (v/v) glycerol, 1.2 M 2-mercaptoethanol, 0.02% (w/v) bromophenol blue), heated to 95°C for 5 min and proteins were separated by SDS-PAGE. Bands corresponding to the 1 and 1-subunits of AMPK were excised from Coomassie-blue stained gels and subjected to digestion with trypsin as described (Benvenuti et al, 2002) . Extracted peptides were lyophilized and reconstituted in 15 L 20% (v/v) acetonitrile (ACN) supplemented with 0.2% (v/v) trifluoracetic acid (TFA). Reconstituted peptides were mixed with 3 volumes of water and applied to a microbore reversed-phase column (Nucleodur Sphinx-RP, 150 mm ( 1 mm ID, 5 m particle size, Macherey-Nagel, Oehnsingen, Switzerland), connected to a high-performance liquid chromatography (HPLC) system (Shimadzu, Reinach, Switzerland). The column was developed with a gradient from 8-32% (60 min), 32-64% (30 min), 64-80% (5 min) and 80%constant (15 min) (v/v) ACN in 0.05% (v/v) TFA at a flow rate of 150 L/min. Fractions were collected every 72 sec and radioactivity of small aliquots was quantified by liquid scintillation counting (TriCarb Liquid Scintillation Analyzer, Canberra Packard, Schwadorf, Austria). Selected fractions were lyophilized and reconstituted in 10 L 10% (v/v) ACN without TFA.
For analysis by matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry, 1 L of the fractionated, reconstituted peptides was mixed with an equal volume of an -cyano-4-hydroxycinnamic acid solution (10 mg/mL in 50% (v/v) ACN and 0.1% (v/v) TFA) supplemented with 10% (v/v) aqueous diammonium hydrogencitrate (50 mg/mL), spotted on a gold-coated MALDI target and allowed to dry at room temperature. Samples were analyzed by MALDI-MS and MALDI-MS/MS using a Bruker-Daltonics Ultraflex TOF/TOF II MALDI mass spectrometer with the control and analysis software Compass v.1.2 from Bruker-Daltonics (Bremen, Germany). The nitrogen laser (337 nm) was set to a repetition rate of 50 Hz and the ion acceleration voltage was 25 kV. The mass measurements were performed in the positive ion reflector mode with 150 ns as delayed extraction time. All spectra were manually recorded with about 500-1000 accumulated single laser shots and were externally calibrated with the peptide calibrant standard II. The first monoisotopic signals in the spectra were assigned automatically using the peak detection algorithm SNAP (Bruker Daltonics, Bremen, Germany) and the smoothing algorithm of Savitzky-Golay was applied (width 0.2 m/z, cycle number 1). The experimentally obtained peptide masses were transferred to the MS BioTools program (version 3.0, Bruker-Daltonics) and compared with the in silico digested protein with the aid of the sequence editor software from Bruker Daltonics. Fragmentation of the selected peptides by MS/MS (LIFT technology from Bruker Daltonics) (Suckau et al, 2003) and subsequent processing of the MS/MS spectra with the Biotools software indicated the presence of phosphorylated peptides (loss of 80 and 98 Da, respectively). In the Biotools software the mass tolerance of the MS/MS measurements was set at 0.5 Da and the comparison parameters tolerated both, oxidation of methionine and carbamido-methylation of cysteine as variable modifications.
Solid-phase sequencing
Peptides were covalently coupled via carboxyl groups to aminoaryl polyvinylidene difluoride membrane (Sequelon membranes), according to manufacturer’s instructions (Applied Biosystems, Foster City, CA). Briefly, the coupling procedure was initiated by spotting the sample to be coupled in 5μL aliquots onto the Sequelon membrane, waiting for each aliquot to dry prior to application of a further aliquot. The Sequelon membrane was then transferred to the lid of a 1.5 ml microfuge tube and 5μL of 10 mg/ml N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide (EDC) dissolved in coupling buffer (160 mM MES buffer, pH 4.35, 15% (v/v) acetonitrile) were applied. The lid of the microfuge tube was then placed lidside down onto a flat surface and the coupling reaction was allowed to proceed for 20 minutes. After air-drying, the membrane was washed twice with a solution containing 50% (v/v) aqueous acetonitrile, 0.1% (v/v) TFA. Subsequently, the membrane was placed into the cartridge of an Applied Biosystems model 492cLC Procise protein/peptide sequencer (Foster City, CA, USA) but with 80% (v/v) aqueous methanol placed at connector S3 instead of the conventional butylchloride for traditional peptide sequencing. The sequencer control program was modified according to Campbell et al. (Campbell & Morrice, 2002). Accordingly, the sequencer process was performed only to the TFA cleavage step, liberating the PTC (phenylthiocarbamyl-amino acid derivatives) which were manually collected (100 L) and speed vac concentrated to about 10 L. Fractions were spotted on DEAE membranes and exposed to autoradiography films.
In vitro kinase and phosphatase assays

One g of recombinant AMPK(D157A) or various mutants thereof were incubated with or without PKA[cat] (400 ng) or PKA[holo] (0.5 U) in kinase buffer (ATP, 50 M AMP, 5 mM MgCl2, 1 mM DTT, 10 mM HEPES pH 7.2) at 37°C. If not otherwise stated, PKA[cat] is denoted as PKA in the figures and the text. PKi and cAMP were used at concentrations of 2 M and 100 M, respectively. Where indicated, kinase buffer was supplemented with [-32P]ATP (final activity of 4000 mCi/mmol ATP). All phosphorylation reactions proceeded for 5-15 minutes. Reactions were either immediately stopped by addition of SDS-sample buffer or after incubation for another 15 minutes with recombinant LKB1 (100 ng) or PKi (2 M). Following SDS-PAGE, gels were processed for immunoblotting or dried to visualize the incorporation of 32P by autoradiography with Biomax MR films (Kodak SA, Renens, Switzerland). The same protocol was followed for in vitro phosphorylation reactions with GST-HSL fusion protein. For PKA inhibition of AMPK, recombinant AMPK (20 g/mL) was incubated at indicated concentrations of PKA for 30 min at 37°C prior to the addition of LKB1 (20 g/mL) and incubation for another 10 min. Alternatively, AMPK (10 g/mL) was first incubated with a constant amount of PKA (30 g/mL) in presence of increasing amounts of PKi before addition of LKB1 as indicated. For phosphatase treatment, purified AMPK or AMPK(S173C) (25 g/mL) co-expressed with PKA in E. coli was treated with  phosphatase in the presence of 1 mM MnCl2 for 20 min at 30°C. Phosphatase reactions were stopped by addition of inorganic phosphate (40 mM), then LKB1 (20 g/mL) was allowed to activate AMPK for 20 min at 30°C. In all experiments, the samples were divided in two equal aliquots after the activation step with LKB1 and immediately flash-frozen in liquid nitrogen. While one part was processed for immunoblotting, the other aliquot was taken for activity determination using the SAMS assay as described previously 
 ADDIN EN.CITE 
(Suter et al, 2006)
.

Cell culture and siRNA transfection

Targeting of AMPK1 (AMPK1-) and AMPK2 (AMPK2lox) alleles have been described previously 
 ADDIN EN.CITE 
(Jorgensen et al, 2004; Viollet et al, 2003)
. Mice were crossed to obtain AMPK1+/-;AMPK2+/lox and AMPK1-/-;AMPK2lox/lox embryos. Mouse embryonic fibroblasts (MEFs) were isolated from E12.5 embryos and cultured according to 3T3 protocol (Nilausen & Green, 1965). MEFs were immortalized at p2 by infecting cells with ecotropic retroviruses encoding p53-C-terminus and hygromycin selection cassette (a kind gift from Dr. Juha Klefström). Infected cells were selected by hygromycin (200 µg/ml) treatment for 7 days. Immortal AMPK1+/-;AMPK2+/lox and AMPK1-/-;AMPK2lox/lox MEFs were infected for 2 hours at 37 (C, 5% CO2 at multiplicity of infection (M.O.I.) of 1500 with adenovirus encoding Cre-recombinase (AdCre;Anton & Graham, 1995) to obtain AMPK1+-;2+/- (immortalized AMPK+/- control cells) and AMPK1--;2-- (AMPK--) MEFs, respectively. U2-OS cells, HepG2 cells, AMPK+/- or AMPK-- MEFs were cultivated in DMEM (Invitrogen, Carlsbad, CA) supplemented with 10% fetal calf serum at 37ºC in 10% CO2-containing atmosphere. For glucose starvation, cells were washed 3 times with glucose-free DMEM containing no FCS and were further cultivated in this medium for the indicated times. To activate PKA 200 nM of isoproterenol was added to the glucose-free medium for 30 minutes. For siRNA-mediated gene silencing of PKA prior to glucose deprivation, cells were transfected (48 h before) according to the manufacturer’s recommendations (Qiagen).
MEF differentiation, primary adipocyte isolation and free fatty acid and glycerol release measurements
The differentiation of MEFs into adipocytes was induced by incubation of confluent cells for 6 days with insulin (5 μg/ml), 10-7 M rosiglitazone, 1 μM dexamethasone, and 0.5 mM isobutylmethylxanthine (IBMX) in DMEM medium supplemented with 10% fetal bovine serum. The cells were then returned to basal medium in presence of insulin and rosiglitazone, which was replenished every other day. Fat accumulation was visualized by staining of lipids with Oil red O as described (Sakaue et al, 1998). For isolation of primary adipocytes, animal studies were conducted according to the Swiss guidelines for the care and use of experimental animals. Mice were kept on a standard chow diet (4.5% w/w fat) and on a regular 12-hour dark/light cycle and all studies were performed with littermates of the same genetic background (C57BL/6). Mature adipocytes were isolated by collagenase treatment of epididymal fat pads as reported (Rodbell, 1964). For glucose starvation, differentiated MEFs and primary adipocytes were washed 3 times with DMEM without any glucose and FCS and were further cultivated in this medium for the indicated times. As control, adipocytes were cultivated in DMEM containing high glucose (25 mM) without FCS. To activate PKA, 20 M forskolin was added immediately to the glucose-free medium for 30 minutes. Adipocytes were also treated by using 200 nM of isoproterenol and 1M H89 or 100 M of myristoylated PKi for 30 minutes. Free fatty acids (FFA) were measured by enzymatic assays, using a kit from Wako (NEFA C; Wako Pure Chemical Industries, Richmond, VA) that uses a colorimetric assay based on the acylation of CoA. Glycerol release was assessed using the free glycerol reagent as previously described (Gauthier et al, 2008).
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Supplementary figure legends
Supplementary Figure S1 (A) AMPK activity quantified using the SAMS assay. AMPK1 were immunoprecipitated from primary adipocytes treated either with or without 200 nM isoproterenol for the indicated times and either with AICAR (as control). AMPK1 immunoprecipitates were subjected for an AMPK kinase activity using SAMS pepide as described in the materials and methods section. (B) Primary adipocytes were cultivated for 60 min either in the presence of 25 mM glucose (+ Glc) (lanes 1 and 2) or the absence of glucose (- Glc) (lanes 3 and 4) and treated with 2 M ionomycin (lanes 5 and 6) in combination without (lanes 1,3 and 5) or with 20 M forskolin (FSK) (lanes 2, 4 and 6). Protein lysates were prepared and probed with the indicated antibodies. (C) Primary mouse adipocytes were either treated with 200 nM isoproterenol for 30 min (lane 4) or with 2M ionomycin for 60 min (lane 5) and whole-cell extracts (WCE, lane 1) were prepared and aliquots were subjected to immunoprecipitation with control IgG (lane 2) or anti-AMPK1 antibodies (lanes 3 to 5) and immunoblotted for AMPK1 and PKA. Immunoblots are representative of at least three independent experiments.

Supplementary Figure S2 Sequence alignment. (A) Respective alignment of amino acid sequences from AMPK1 and AMPK2 encompassing the PKA consensus phosphorylation site motifs. (B) Respective alignment of amino acid sequences from different species of AMPK1 encompassing the PKA consensus phosphorylation site motifs. (C) Respective alignment of amino acid sequences from different species of AMPK1 encompassing the PKA consensus phosphorylation site motifs
Supplementary Figure S3 Inhibition of AMPK by PKA is not linked to phosphorylation of the AMPK -subunit at Ser-24. AMPK(D157A/S24A1) was incubated with PKA and PKi as indicated, followed by phosphorylation by LKB1. Samples were then processed for immunoblotting with indicated antibodies. Immunoblots are representative of at least three independent experiments.
Supplementary Figure S4 AMPK1(S173C) normally interacts with the regulatory - and -subunits and PKA in primary adipocytes. Cells were either infected with adenoviruses containing an empty plasmid (control) or expressing myc-tagged wild-type (wt) or (S173C) mutant AMPK1 subunits. Protein lysates were processed for immunoprecipitation with anti-myc antibodies followed by immunoblotting with the indicated antibodies. Immunoblots are representative of at least three independent experiments.
Supplementary Figure S5 PKA-mediated phosphorylation of AMPK at Ser-173 in cancer cells. (A) U2-OS osteosarcoma were glucose-starved for 60 min (- Glc) and incubated with 20 M Forskolin (FSK) for indicated times. FSK was either present ab initio (lane 7), added during the last 10, 20, 30 or 45 minutes of starvation (lanes 3-7) or omitted (lane 2). As control, cells were grown in glucose-rich medium (+ Glc) (lane 1). Equal amounts of protein lysates were subjected to immunoblotting with the indicated antibodies. (B) Similar experiment as in (A) but using HepG2 hepatoma cells. (C) Effect of two different sets of siRNA against PKA in U2-OS osteosarcoma cells. Prior to immunoblotting, U2-OS cells were glucose starved for 30 minutes (-Glc) or cultivated in presence of glucose (+Glc) as control. (D) Whole-cell extracts of U2-OS osteosarcoma (WCE, lane 1) were prepared and aliquots were subjected to immunoprecipitation with control IgG (lane 2) or anti-AMPK1 antibodies (lane 3) and immunoblotted for AMPK1 and PKA. Immunoblots are representative of at least three independent experiments.

Supplementary Figure S6 Immortalized control (pictures A, E and I) and AMPK-/- (pictures B, C, D F, G, H, J, K and L) Mouse Embryo Fibroblats (MEFs) were differentiated into adipocytes as described in the materials and methods section. (A) adipocytes were infected with an adenovirus containing either an empty plasmid (pictures A, E and I and B, F and J), a plasmid encoding for myc-AMPK1(wt) (pictures C, G and K) or myc-AMPK1(S173C) (pictures D, H and L). (A to D) GFP fluorescence. (E to H) phase contrast. (I to L) Oil-Red-O staining.
Supplementary Figure S7 (A) ATP was measured in isolated primary mouse adipocytes using an ATP bioluminescence assay kit ApoSENSORTM (MBL) in presence of 200 nM of isoproterenol in a time dependent manner. (B) AMPK activity quantified using the SAMS assay. AMPK1 were immunoprecipitated from primary mouse adipocytes treated with 200 nM isoproterenol in a time dependent manner. AMPK1 immunoprecipitates were subjected for an AMPK kinase activity using SAMS pepide as described in the materials and methods section.
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