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SUPPLEMENTAL EXPERIMENTAL PROCEDURES 
Cell culture and fatty acid treatment - L6 muscle cells were maintained as myoblasts and seeded into 
experimental dishes prior to differentiation into myotubes over a 7 day period in α-MEM containing 2% 
(v/v) FBS and 1% (v/v) antibiotic/antimycotic solution (100 units/ml penicillin, 100 μg/ml streptomycin, 
and 250 ng/ml amphotericin B) at 37 °C and 5% CO2.  (1) 
Primary human skeletal muscle cells were grown from satellite cells obtained from percutaneous needle 
biopsies performed on the lateral portion of quadriceps femoris (vastus lateralis) muscle. Subjects gave 
informed written consent to the study and the protocol was approved by the Ethics Committee of the 
University of Tuebingen. Experiments were performed on the first and second passages of subcultured 
cells. Cell were grown in a 1:1 mixture of α-MEM and Ham’s F-12 supplemented with 20 % FBS, 1 % 
chicken extract, 2 mM glutamine, 100 U/ml penicillin, 100 μg/ml streptomycin and 0.5 μg/ml 
amphotericin B till 70-80 % confluency. Cells were fused for 6 days in α-MEM containing 5.5 mM 
glucose with 2 % FBS, 2 mM glutamine, 100 U/ml penicillin, 100 μg/ml streptomycin and 0.5 μg/ml 
amphotericin B (2). 
Generation of recombinant adenovirus and infection of L6 cells - AMPKα1 silenced L6 myotubes were 
generated using a lentiviral shRNA strategy as previously described (3).   
Preparation of Cell Lysates for Immunoblotting - Following cell treatment, myotubes were washed with 
ice cold PBS and lysed using lysis buffer (50 mM TRIS pH 7.4, 0.27 M sucrose, 1 mM Na-
Orthovanadate pH 10, 1 mM EDTA 1 mM EGTA, 10 mM Na-β-glycerophosphate, 50 mM NaF, 5 mM 
Na-pyrophosphate, 1% (v/v) Triton X-100, 0.1% 2-mercaptoethanol and protease inhibitors).  For 
isolated animal muscle tissue, frozen soleus muscle was ground into a powder and homogenised lysis 
buffer.  Samples were centrifuged at 6000 rpm at 4C for 10 min to remove cell debris and resulting cell 
lysates stored at -20C.     
Immunoblotting - Cell lysates were resolved by 10% SDS-PAGE (30 μg protein/lane) and transferred 
onto immobilin-P membranes (Millipore, UK) as described previously (1;4).  Membranes were then 
probed with primary antibodies against proteins of interest prior to incubation with the appropriate 
peroxidase-conjugated IgG antibodies.  Protein bands were visualised by enhanced chemiluminescence 
involving autoradiographic exposure. 
RNA extraction and PCR - For isolated animal tissue, frozen soleus muscle was ground into a powder 
and subsequently homogenised in TRI-reagent (Sigma) prior to extraction of total RNA according to 
manufacturer’s instructions.  Total RNA extraction and quantitative real-time PCR were performed as 
previously described (5).   
The sequences for the primers used were as follows – rat IL-6 forward, 5’-GAC TGA TGT TGT TGA 
CAG CCA-‘3; rat IL-6 reverse, 5’-ATG CTT AGG CAT AAC GCA CTA GGT T-3’; rat CINC-1 
forward, 5’-ACC CGC TCG CTT CTC TGT GC-3’; rat CINC-1 reverse, 5’-CAG CGC AGC TCA TTG 
GCG AC-3’; rat GAPDH forward, 5-TGG AAA GCT GTG GCG TGA T-3 and rat GAPDH reverse 5-
GCT TCA CCA CCT TCT TGA T-3.   
For gene expression studies performed in human primary skeletal myotubes, total RNA was extracted 
from cells using the RNeasy mini kit (Qiagen, Hilden, Germany) according to the manufacturer’s 
instructions. 1 μg of RNA was used for reverse transcription PCR with random hexamer primers using 
the Transcriptor First Strand cDNA Synthesis kit (Roche, Mannheim, Germany) according to the 
manufacturer’s instructions. Quantitative PCR was performed with SYBR Green on a LightCyclerTM 
(Roche, Mannheim, Germany). The following conditions were used: IL-6 forward 5’ -AAA GAG GCA 
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CTG GCA GAA AA-3’, IL-6 reverse 5’-CAG GGG TGG TTA TTG CAT CT-3’, product of 259 bp, 
instrument setting 45 x denaturing at 95°C for 15 s, annealing at 68°C for 10 s, elongation at 72°C for 11 
s; β-actin forward 5’-GAG CAA GAG AGG CAT CCT CA-3’, β-actin reverse 5’-AGC CTG GAT 
AGC AAC GTA CA-3’, product of 238 bp, instrument setting setting 40 x denaturing at 95°C for 15 s, 
annealing at 67°C for 10 s, elongation at 72°C for 11 s.  
For determination of hexokinase II and cyclophilin gene expression by conventional RT-PCR analysis, 
cDNA was synthesized from 1 g of total RNA using oligo(dT)18 primer and M-MLV reverse 
transcriptase (Promega, Madison, WI, USA) in a total volume of 25 l according to manufacturer’s 
instructions.  Following reverse transcription, 5 l of the resulting cDNA was amplified using GoTaq 
Flexi DNA polymerase (Promega, Madison, WI, USA).  Sequences of primers used for PCR analysis 
were as follows  -  hexokinase II (32 cycles), 5’-CACTCCAGATGGCACAGAGA-3’ (sense) and 5’-
TGAGGAGGATGCTCTGGTCT-3’ (antisense); cyclophilin (28 cycles),  5’-
GACAAAGTTCCAAAGACAGCAGAAAAC-3’ (sense) and 5’-
ACTTCAGTGAGAGCAGAGATTACAGG-3’ (antisense).  Each primer was used at a final 
concentration of 1.25 M.  PCR amplification consisted of an initial 2 min denaturation step at 94 C 
which preceded the following conditions for the appropriate number of cycles: 1 min denaturation at 94 
C, 1 min annealing at 60 C and 2 min extension at 72 C.  A final 5 min extension step at 72 C was 
included.  Upon completion of PCR amplification, 12 μl of each reaction was electrophoresed on a 1.2% 
agarose gel stained with SYBR Safe DNA gel stain (Invitrogen, Paisley, UK). Resulting images were 
captured using a Fujifilm LAS-1000 CCD Camera with Image Reader LAS-1000 Pro V2.6 software 
(Fuji, Stockholm, Sweden), and band intensities (density arbitary units) determined using AIDA Image 
Analyzer software (Raytek Scientific, Sheffield, UK).   
Analysis of DAG and ceramide content - Diacylglycerols and ceramides were extracted from L6 
myotubes using an extraction mixture consisting of isopropanol: water: ethyl acetate (35:5:60; v/v/v). 
Quantitative measurements were made using an Agilent 6460 triple quadrupole mass spectrometer.  
Diacylglycerols and ceramides were analysed using positive ion electrospray ionization (ESI) source 
with multiple reaction monitoring (MRM). The chromatographic separation was performed using an 
Agilent 1290 Infinity Ultra Performance Liquid Chromatography (UPLC) as recently described (6). The 
analytical column was a reverse-phase Zorbax SB-C8 column 2.1 x 150 mm, 1.8 μm (Agilent). 
Chromatographic separation was conducted in binary gradient using 2 mM ammonium formate, 0.15% 
formic acid in methanol as Solvent A and 1.5 mM ammonium formate, 0.1% formic acid in water as 
Solvent B at the flow rate of 0.4 ml/min. 1,3-dipentadecanoyl-rac-glycerol was used as an internal 
standard.  
Preparation of DRMs - Detergent resistant membranes (DRMs) were prepared as previously described 
(7).  Briefly, L6 myotubes were washed three times with ice-cold PBS and homogenized in 25 mM MES 
(pH 6.0), 150 mM NaCl, 1% (w/v), 1 mM Triton X-100, 1 mM NaVO4 and CompleteTM protease 
inhibitor tablet (Roche).  The lysate (2 ml) was diluted in 2 ml of 80% (w/v) sucrose, 25 mM MES (pH 
6.0) and 150 mM NaCl.  A sucrose gradient was formed by adding 35, 25, 15 and 5 % (w/v) sucrose (in 
25 mM MES (pH 6.0) and 150 mM NaCl) and centrifuged at 39,000 rpm for 20 h at 4 C.  Resulting 
DRM fractions (1 ml) were then collected using a syringe and frozen at -20 C until required.   
Measurement of fatty acid oxidation and whole-cell oxygen consumption - PA oxidation in L6 myotubes 
was measured by initially pre-incubating muscle cells with DMEM containing or lacking 5 mM glucose 
for 3 h.  Myotubes were then incubated in the absence or presence of 5 mM glucose in DMEM 
containing 0.1%(w/v) fatty-acid free BSA, 1 Ci/ml [9,10-3H(N)]-PA (Perkin-Elmer, UK) and 30 M 
unlabelled PA for 2 h.  Production of tritiated water was determined by solid-phase extraction of the 
supernatant using Oasis HLB cartridges (Waters, MA, USA) followed by measurement of radioactivity 
in the resulting eluate using a scintillation counter.      
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Analysis of oxygen consumption rate (OCR) was assayed by seeding out L6 myoblasts onto 24 well 
plates at a density of 6000 cells per well and allowing them to differentiate into myotubes over a 7 day 
period.  L6 myotubes were then treated with 0.5 mM PA in 2%(w/v) fatty acid-free BSA containing 
DMEM for 14 h in the absence or presence of 5 mM glucose and/or 2-deoxyglucose as indicated in the 
figure legend.  Following this, myotubes were then incubated in Krebs-Henseleit buffer (111 mM NaCl, 
4.7 mM KCl, 2 mM Mg2SO4, 1.2 mM Na2HPO4) containing 2% (w/v) fatty acid-free BSA and 0.5 mM 
PA and 0.5 mM carnitine in the absence or presence of 5 mM glucose and/or 5 mM 2-deoxyglucose 
accordingly. After one hour incubation, the oxygen consumption rate (OCR) was measured continuously 
over a period of 2 h using a Seahorse Extracellular Flux (XF) Analyzer (Seahorse, MA, USA). 
 
 
Supplementary Table 1.  
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Supplementary Figure 1. Effects of stearate and a fatty acid mixture on insulin-dependent Akt 
phosphorylation. L6 myotubes were incubated with 0.5 mM stearate alone (A) or (B) a fatty acid (FA) 
mix (consisting of 0.35 mM palmitate, 0.15 mM oleate, 0.12 mM stearate, 0.01 mM palmitoleate) for 16 
h in the absence or presence of 5 mM glucose and/or 5 mM 2-deoxyglucose (2-DG) as indicated prior to 
stimulation with 10 nM insulin for 10 min.  Resulting cell lysates were immunoblotted using the 
antibodies shown. 
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Supplementary Figure 2. Intracellular Content of C16/C18 DAG Species in L6 Myotubes Following 
Palmitate Treatment Under Conditions of Restricted Glucose Availability and/or Utilisation Intracellular 
content of various DAG species in L6 myotubes were measured following cell treatment with 0.5 mM 
palmitate (or vehicle control) for 16 h in the absence or presence of 5 mM D-glucose or 5 mM 2-deoxy-
D-glucose (2-DG) as indicated.  All data are presented as mean + SEM (n= 3). Asterisks indicate a 
significant change (P<0.05) relative to the value of the D-glucose bar alone.  Crosses indicate a 
significant change (P<0.05) relative to the value of the Palmitate + D-Glucose bar. 
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Supplementary Figure 3. Intracellular Content of Various Ceramide Species in L6 Myotubes 
Following Palmitate Treatment Under Conditions of Restricted Glucose Availability and/or Utilisation. 
Intracellular content of various ceramdie species in L6 myotubes were measured following cell 
treatment with 0.5 mM palmitate (or vehicle control) for 16 h in the absence or presence of 5 mM D-
glucose or 5 mM 2-deoxy-D-glucose (2-DG) as indicated.  All data are presented as mean + SEM (n= 
3). Asterisks indicate a significant change (P<0.05) relative to the value of the D-glucose bar alone.  
Crosses indicate a significant change (P<0.05) relative to the value of the Palmitate + D-Glucose bar. 
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Supplementary Figure 4. Effects of palmitate and 2DG upon recruitment of atypical PKCs to caveolin-
enriched microdomains.  L6 myotubes were treated with or without 500 M palmitate (PA) in the 
absence or presence of 5 mM glucose and/or 5 mM 2-deoxyglucose (2DG) for 16 h as indicated.  
Following treatment, detergent resistant membrane fractions (DRMs) enriched with caveolin-3 were 
isolated as described in the supplemental Experimental procedures section.  Equal amounts of protein (1 
g) of each fraction (numbers 2-5) were then immunoblotted using antibodies against PKC/ and 
caveolin-3 as shown.  
 

 
 
Supplementary Figure 5. Anti-oxidants fail to suppress the proinflammatory potential of palmitate in 
L6 myotubes.  L6 muscle cells were treated with 0.5 mM palmitate for 16 h or with 0.5 mM H2O2 for 10 
min in media containing 5 mM glucose in the absence or presence of vitamin C (Vit C) or N-acetyl-L-
cysteine (NAC) at the concentrations shown.  Resulting cell lysates were immunoblotted using the 
antibodies indicated. The data show that (A) neither Vit C nor NAC protect against palmitate-induced 
activation of ERK and IKK thus potentially excluding reactive oxygen species as a cause for activation 
of these molecules.  (B) The efficacy of NAC as an anti-oxidant is demonstrated by its ability to 
antagonise ERK activation by H202 which was used to induce oxidative stress in L6 myotubes.     
 

 
 



SUPPLEMENTARY DATA 
 

©2013 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db13-0264/-/DC1 

Supplementary Figure 6. Effects of the TLR4 agonist LPS on pro-inflammatory signalling in bone 
marrow-derived dendritic cells (BMDC) and L6 muscle cells. (A) BMDCs were treated with 50 ng/ml 
LPS and (B-D) L6 mtotubes were treated with 1μg/ml LPS or 0.5 mM palmitate for 16h. Cells were 
either lysed and immunoblotted to assess the phosphorylation status of IKK α/β or total abundance of 
IκBα and β-actin, or RNA was extracted from myotubes and relative IL-6 (C) and CINC-1 (D) mRNA 
abundance determined by real time qPCR (using GAPDH as internal control). Bars values are mean ± 
SEM of 3 separate experiments, asterisks signify a significant difference between the indicated values (P 
< 0.05). Data show that whilst LPS (a TLR4 agonist) activates the proinflammatory NFkB pathway in 
BMDC it does not invoke this response or enhance cytokine gene expression when applied to L6 
myotubes for 16h, whereas palmitate does. 
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Supplementary Figure 7.   Effects of AMPKα1 gene silencing Upon the Insulin Sensitising and Anti-
Inflammatory Effects of Glucose Deprivation L6 myotubes stably expressing a scrambled control 
shRNA (Scr-CON) or AMPKα1 shRNA (AMPKα1 KD) were incubated with 0.5 mM palmitate for 16 h 
in media containing or lacking 5 mM D-glucose.  Following treatment, cells were stimulated with 
insulin (20 nM, 10 min) (A) or not (B).    Resulting cell lysates were subjected to SDS-PAGE and 
immunoblotted using the antibodies indicated.  Data values are mean + SEM (n = 3).  ND, not 
significant; * p < 0.05.         
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Supplementary Figure 8.   Deacetylase Inhibitors Do Not Attenuate the Insulin Sensitising and Anti-
Inflammatory Effects of Glucose Deprivation. L6 myotubes were incubated with 0.5 mM palmitate for 
16 h in the absence or presence of 5 mM D-glucose, 10 mM nicotinamide (NM) and/or 120 M 
splitomicin (SPM) as indicated prior to stimulation (A) or not (B) with insulin (20 nM, 10 min).  
Resulting cell lysates were resolved by SDS-PAGE and immunoblotted for total Akt, pAktSer473, IB 
and GAPDH as shown.  Values presented are ratios of pAktS473/Akt (A) and IB/GAPDH (B) band 
intensities. 
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