
SUPPLEMENTAL MATERIAL 

Supplemental Methods 

Reagents 

18 cm IPGstrips (pH range 4-7 and 6-11), agarose NA, and CyDyes were purchased from 

GE healthcare. Bis-acrylamide from BioRad Laboratories. Alkaline Phosphatase (Calf 

Intestinal Phosphatase, CIP) from New England Biolabs. Protease inhibitors Complete 

from Roche. Mark 12 (unstained) and Seeblue (prestained) molecular weight markers, 

precast NuPAGE (4-12% BisTricine) and Blu Native BN-PAGE gels and PVDF membrane 

(immobilon, Milllipore) from Invitrogen. The anti-ATP synthase beta subunit antibody was 

purchased from MitoSciences (MS503, mouse, monoclonal). All other chemicals were 

purchased from Fischer Bioreagents, and were of the highest analytical grade. 

 

Workflow 

Supplementary Figure 6 describes the experimental strategies used in the present study.  

Altered proteins detected by spot density were identified using tandem mass spectrometry 

(MS/MS or tandem MS).  Changes in the phosphorylation status of ATPβ and other 

proteins were monitored using a modified version of the protocol defined by Raggiaschi et 

al.1, 2. The dephosphorylated pool used here in place of the internal standard should be 

common to both samples conditions, at least as far as phosphorylation status is concerned 

(see below). Phospho-peptide enrichment with IMAC was used in combination with 

MS/MS to improve identification of the exact phosphorylated amino acid residues. Finally, 

functional assays were used to characterize complex V activity and assembly along with 

the determination of respiratory control index in isolated mitochondria. 
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Animal Model 

Five animals were paced from the right atrium for six weeks at ~200 bpm (DHF); whereas 

the remaining four dogs were subjected to three weeks of atrial pacing (dyssynchrony) 

followed by three weeks of bi-ventricular tachypacing at the same rate (CRT) as described 

in3. Left bundle branch block (LBBB) was confirmed by intra-cardiac electrograms, with 

surface QRS widening from 50±7 to 104±7 ms (p<0.001).  Bi-ventricular pacing was 

achieved by simultaneous lateral epicardial and right ventricular antero-apical free wall 

stimulation. At terminal study the hearts were extracted under cold cardioplegia, dissected 

into endocardial and mid/epicardial segments from the septum (i.e. LV and RV septum) 

and LV lateral wall, and frozen in liquid nitrogen. Tissue samples obtained from the upper 

third of the LV lateral wall were used in the present study.  

 

Mitochondria Fractions Preparation 

The protocol was designed to optimize reproducibility, minimize contamination from other 

subproteomes (e.g. myofilaments), and maximize protein recovery. Samples were kept on 

ice throughout the entire process to minimize artifactual protein modifications. 

Mitochondrial protein enrichment and myofilament contamination were monitored, along 

with the separation (Supplementary Figure 7). Briefly, frozen heart tissues (typically 500 

mg) were crushed into a mortar filled with liquid nitrogen by means of a ceramic pestle. All 

of the following steps were performed in ice to prevent artefact protein degradation. Frozen 

tissue crumbs were transferred in a glass homogenizer filled with ice-cold H-buffer (220 

mM mannitol, 70 mM Sucrose, 20 mM Hepes, pH 7.4) and briefly homogenized. Tissue 

homogenates were filtered through a 100 µm filter to remove connective tissues and collect 
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intact cardiac myocytes. The filtrate was centrifuged (1100 rcf, 5 min, 4 °C) and rinsed 

with ice-cold H-buffer four times. Supernatants were collected, and pellets discarded (cell 

debris, nuclei, and intact cells). Mitochondria were next “washed” from membranes and 

broken mitochondria by centrifuging three times at increasing centrifuge fields (7000, 

18000 and 20000 rcf, 15 min, 4° C) and re-suspending the pellet in half of the volume after 

each centrifugation. Two further centrifugation steps (3000 rcf, 3 min, 4°C) were required 

to remove remnant myofilaments; supernatants were collected and finally centrifuged at 

high speed (20000, 20 min, 4°C) to pellet the purified mitochondria. Pellets were re-

suspended in 100 µL H-buffer, gently, by pipetting up and down few times. 1 µL of the 

suspension was transferred into a 96 multiwell plate (flat bottom, costar) and diluted in 20 

µL of 1% SDS, 5 % ASB 14 and protease inhibitor complete, in triplicate. A BSA (sigma, 

2 mg/ml in the same buffer) standard curve was used to assay for protein quantity after 30 

min incubation at 37°C (BCA, Pierce). Protein concentration was calculated, and 

mitochondrial suspensions were divided accordingly into 100 µg aliquots, and then flash 

frozen in liquid nitrogen for storage at -80°C. Mitochondrial protein enrichment and 

myofilament protein contamination was tested along with the purification process as 

displayed in Supplementary Figure 7. 

 

Two-dimensional Gel Electrophoresis 

Optimal resolution for basic mitochondrial proteins was achieved using the improved 

protocol developed by our laboratory4. The second dimension (SDS-PAGE) was run using 

10% bis-tris gels with 2(n-morpholino) ethansulfonic acid (MES) running buffer5. Gel 

slabs were subsequently silver stained according to Shevchenko6. Sample pellets were 
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thawed and centrifuged (20000 rcf, 20 min, 4°C) and supernatant (H-buffer) discarded. 5% 

amidosulfobetaine-14 (ASB-14, Calbiochem) was added to the sample to solubilize 

membrane proteins prior to dilution in isoelectric focusing (IEF) re-hydration buffer (8 

mol/L urea, 2.5 mol/L thiourea, 4% w/v 3-[3-cholamidopropyl]-1-propane-sulfonate 

[CHAPS], 0.5% ampholytes, 50 mmol/L DTT, 1% HED, and 0.01% w/v bromophenol 

blue). IEF was carried out using a Protean® IEF cell (Bio-Rad). Immobilized pH gradient 

(IPG) Strips (18 cm pH 4-7 linear gradients) were actively rehydrated with the sample (150 

µg of protein in 350 µL IEF buffer) at 50 V for 12 hrs, followed by a rapid voltage ramping 

consisting of 1 hr each at 300, 600,  and 1000 V, followed by 10000 V for 45 kVh at 20°C. 

For pH 6-11 IPG strips, IEF strips were passively rehydrated before focusing (10 hrs). 

Protein samples were added to rehydration buffer to give a final protein concentration of 1 

mg/mL, and applied by paper bridge-loading as described in4. Proteins were separated in 

the second dimension by 10% Bis-Tris SDS-PAGE, using a MES running buffer (45 

mmol/L [2-(N-morpholino) ethane sulfonic acid] or MES, 50 mmol/L Tris base, 0.1% 

SDS, 0.8 mmol/L EDTA,  pH 7.3) as described previously5. IPG strips were reduced and 

alkylated for 20 min each, respectively using 1% (w/v) DTT and 4% (w/v) iodoacetamide 

in equilibration buffer (50 mmol/L Tris-HCl, pH 8.8, 6 mol/L urea, 30% v/v glycerol, 9% 

w/v SDS). IEF strips were rinsed briefly with MES running buffer, the excess of liquid was 

gently removed with a paper tissue, and the strips were loaded onto the 10% Bis-Tris SDS-

PAGE gels. Strips were sealed using agarose sealing solution (50 mmol/L MES, 0.5% 

Agarose NA, 0.1% w/v SDS, bromophenol blue). Gels were run overnight on a Protean® II 

XL system (Bio-Rad) at 90 V. Gels were silver stained according to the protocol of 
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Shevchenko et al.6. Differential display analysis was performed using Progenesis 

(Nonlinear Dynamics, NC, US). 

 

Immunoblotting 

 Proteins were transferred to PVDF in transfer buffer at 100 V for 1 hour in ice. Membrane 

were stained with Direct Blue 71 (Sigma), and images recorded for subsequent luminescent 

signal normalization. Membranes were then blocked overnight using Western Blocking 

Reagent (Roche); and incubated with 0.2 μg/mL anti-ATP synthase beta subunit antibody 

mouse IgG monoclonal (MS503, MitoSciences) in Tris-buffered saline completed with 

Tween 20 (TBS-T: 100 mmol/L Tris-Cl, 0.9% (w/v) NaCl, 0.1% (v/v) Tween 20) under 

gentle agitation for 1 hr, and then incubated with 0.03 μg/mL alkaline phosphatase-

conjugated AffiniPure Goat Anti-Mouse (Jackson ImmunoResearch) in TBS-T under 

gentle agitation for 1 hr. For ATP synthase delta 2D-WB a rabbit-polyclonal antibody was 

used (anti-ATP5D, Atlas/Sigma Prestige, 0.05 μg/mL in TBS-T). In this case a alkaline 

phosphatase-conjugated AffiniPure Donkey Anti-Rabbit (Jackson ImmunoResearch) 

secondary antibody was also used. Chemiluminescent signal was produced using Immun-

Star AP substrate pack (BioRad Laboratories) and luminescence was detected with 

scientific imaging film (Kodak).  

 

Image Analysis and Quantification 

Gel images were digitized at 200-300 dpi using a Epson Expression 10000XL device 

(Epson Electronics America, CA, USA). Protein spots were then quantified and matched 

with other gels using Progenesis Workstation 2005 software (NonlinearDynamics, New 
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Castle-upon-Tyne, UK). Composite images of each treatment group were normalized by 

means of a total spot intensity comparison between sample groups. Quantified spot changes 

were within the linear range of silver stain. The same platform was used to acquire and 

analyze densitometry data generated through western blotting analysis. In this case, the 

luminescent signal generated by each sample band and recorded on the imaging film was 

normalized against the density of the correspondent lane stained with the general protein 

staining DB71. 

 

Protein identification by Mass Spectrometry 

Protein spots were excised from fresh gels, and destained according to a modified protocol 

of Gharahdaghi et al. 7. Proteins were digested in 25 mmol/L ammonium bicarbonate, pH 

8.0 completed with 10 μg/mL sequencing grade modified porcine trypsin (Promega), for 

16-24 h at 37ºC. Peptides were extracted twice with 50 μL of acetonitrile (ACN) and 25 

mmol/L ammonium bicarbonate 1:1 v/v for 60 min and then dried under vacuum. Tryptic 

peptides were reconstituted in 3 μL of 50% ACN/0.1% TFA and analyzed by electrospray 

ionization (ESI) MS/MS LCQ Deca XP Plus mass spectrometer (ThermoFinnigan, San 

Jose, California), as described previously8.  

Data-dependent acquisition was used to obtain both a survey spectrum along with several 

MS/MS spectra for multiply charged precursor ions present in each sample. MS/MS spectra 

were processed by baseline subtraction, and de-convoluted using Mascot wizard. Database 

searching was performed using Mascot wizard (www.matrixscience.com) using the “other-

mammalian” sub-database of NCBInr protein databases. FASTA sequences were blasted 

against Swissprot protein database through the proteomics tool Expasy Blast 
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(http://www.expasy.ch/tools/blast/) to further reduce protein redundancy. The number of 

unique peptides assigned by Mascot search and retrieval system is also listed for each 

protein. The Mowse score9 provided by the software was manually recalculated (Corrected 

Mowse) summing unique peptides as defined in10. Observed and theoretical isoelectric 

point (pI) and molecular weight (MW) values for identified proteins are given; bold font is 

used for observed values that differ significantly from the theoretical ones (ΔpI≥1 pH unit; 

ΔMW≥10 kDa). These parameters were used to assign protein identities when ambiguous 

IDs were retrieved by Mascot. 

 

Phosphopeptide Analysis by Immobilized Metal Affinity Chromatography (IMAC) 

Phosphopeptides were eluted to a C18 pre-column and analyzed by nanoflow HPLC/micro-

ESI MS/MS via data-dependent analysis on an LCQ Deca XP Plus mass spectrometer 

(ThermoFinnigan, San Jose, California). Peptide identification was performed by searching 

the raw MS/MS spectra against the ATPβ sequence (NCBI gi|73968432) using Bioworks 

3.1 (ThermoFinnigan). 

 

ATPβ De-phosphorylation Assay 

Mitochondrial pellets were re-suspended in 1% (w/v) SDS and 5% (w/v) ASB14 completed 

with protease inhibitor cocktail Complete ™, and then pooled in three groups: DHF pool, 

CRT pool and DHF+CRT pool, each mixed with equal protein quantities. The latter pool 

(alkaline phopsphatase or AP pool) was then treated with alkaline phosphatase (CIP, New 

England Biolabs) overnight at 37°C. On the following day the pool samples were 

solubilized in CHAPS buffer and labelled with CyDyes (Cy3, Cy5 and Cy2 respectively) 
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for 20 minutes at room temperature. The labelling reaction was stopped by adding 20 mM 

Lysine to the samples. Samples were flash frozen or diluted in IEF buffer for two-

dimensional electrophoresis. DHF and CRT pools were alternatively labelled with either 

Cy3 and Cy5 (dye swapping) to prevent artefact variations due to dye bias.  

 

Blue Native PAGE (BN-PAGE) 

Blue Native gel electrophoresis was performed using pre-cast native gels (Invitrogen) 

according to manufacturer’s instructions. Briefly, mitochondrial suspensions were thawed, 

centrifuged to remove the H-buffer, and diluted in blue native sample buffer completed 

with 2% Lauryl Maltoside, and incubated 30 min in ice. Samples were then centrifuged 

(20000 rcf, 30 min, 4°C) to remove insoluble material. Supernatants were completed with 

5% Colloidal Coomassie Blue G-250 (0.25% final concentration) and separated for 1 hr 30 

min at 150 V. Protein complexes were subsequently blotted onto PVDF as described in 

immunoblotting section.  

 

In-gel ATPase Activity 

The procedure described in previous section (BN-PAGE) was also followed to separate 

mitochondrial complexes for further determination of complex V activity as described by 

Bisetto et al.11. Briefly, BN-PAGE gels were equilibrated for two hours in equilibration 

buffer (33 mM Tris, 285 mM Glycine, 13 mM MgSO4). After equilibration the gels were 

incubated in fresh equilibration buffer completed with 8.8 mM ATP and 0.2% w/v 

Pb(NO3)2, for 2 hours at room temperature. In these conditions the ATP-ase activity of 

F1/Fo hydrolyses ATP to ADP and inorganic phosphate. Phosphate forms a white insoluble 

 8
 at Johns Hopkins University on June 26, 2010 circgenetics.ahajournals.orgDownloaded from 

http://circgenetics.ahajournals.org


lead salt that precipitates locally and originates a white band whose density is proportional 

to ATP-synthase activity on the separated F1/Fo bands. Densitometric analysis was 

performed using a dark background screen and the values were normalized vs. the 

coomassie G250 signal of complex V band after separation.  

 

Measurement of Oxygen Consumption in Isolated Mitochondria 

 Mitochondria were isolated from the left ventricles of sham, DHF and CRT dogs. 

Ventricles were placed in ice-cold isolation buffer (containing 225 mM mannitol, 75 mM 

sucrose, 1 mM EGTA, 20 mM Hepes, 0.2% BSA, pH 7.4), then rapidly minced and 

homogenized using the Polytron homogenizer at low speed. The homogenate was 

centrifuged at 500 g for 10 minutes at 4°C (Sorvall, SS34); the supernatant was filtered 

through a 150 μm mesh and centrifuged again at 8000 g for 10 minutes. The pellet was 

resuspended in isolation buffer without BSA, centrifuged at 8000 g for 10 min and the final 

pellet resuspended in a small volume of isolation buffer and stored on ice until analysis. 

Protein concentration was determined by bicinchoninic acid (BCA) protein assay (Pierce) 

using bovine serum albumine as a standard. Mitochondria (0.4 mg protein/ml) were 

suspended in standard medium containing 250 mM sucrose, 1 mM KH2PO4, 20 μM EGTA, 

10 mM MOPS, pH 7.4, and 5/2.5 mM glutamate/malate or 5 mM succinate (in the presence 

of 2 μM rotenone) as substrates. Oxygen consumption was determined fluorometrically, 

using a fiber optic oxygen sensor (Ocean Optics, Inc). Assays were performed at 37°C, on 

instruments equipped with thermostatic control and magnetic stirring. 

 

Measurement of Isocitrate Dehydrogenase (IDH) Activity 
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Mitochondrial matrix was prepared from freshly isolated mitochondria by sonication (3 

bursts for 10 seconds) and ultracentrifugation (43000 rpm for 30 min at 4˚C). NADP+ 

dependent IDH activity was measured spectrophotometrically, following the reduction of 

NADP+ at 340 nm and 37˚C in a buffer containing 33 mM KH2PO4, 1 mM CN-, 1 mM 

MgCl2, 1 mM NADP+, pH 7.4. The reaction was initiated by the addition of 20 mM 

isocitrate. One unit of activity is defined as the production of 1 μmol NADPH min-1. 

Protein concentration was determined by bicinchoninic acid (BCA) protein assay (Pierce), 

using BSA as a standard. 

 

Statistical Analysis and Spot Selection Criteria 
 
To address the issue of multiple comparisons and spurious associations, we considered 

controlling the family-wise error rate using the method of Bonferroni (dividing the type I 

error rate to declare statistical significance by the number of tests performed). However, 

Bonferroni correction was recently described to be “unduly strict” for this type of studies12. 

Therefore we also derived the q-values13 from the calculated p-values, which allows for 

statistical inference with emphasis on the false discovery rate (that is, we can quantify the 

expected proportion of false positives among the spots declared significant). Statistically 

significant protein changes were determined using two-tailed student’s t-tests of the 

normalized spot intensities between groups using a p value of less than 0.05. While none of 

the proteins spots reached statistical significance after a Bonferroni correction, the overall 

distribution of the p-values showed a very strong departure from a Uniform(0,1) 

distribution, which would have been expected under a global null (that is, no changes are 

observed in any of the proteins, Supplementary Figure 8). When controlling the false 
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discovery rate at 20%, a total of 76 spots are declared significant (of which we would 

expect approximately 15 to be false positives). Controlling the false discovery rate at a 

more stringent 10% still yields 28 significant spots (of which about 3 would be expected 

false positive). Thus, there is a large abundance of proteins that exhibit changes in 

concentration. The spots list, originally composed of over a hundred observations, was 

manually assessed to check for: consistency throughout the gels, signal saturation, MS 

identification susceptibility and mitochondrial localization, and therefore reduced to the 

final list presented in this study. Importantly, only protein changes ≥ 1.5-folds were 

considered to account for biological significance, after performing statistical analysis.  

Some of the changes (around one-third, q≥0.2) would not normally be considered signals 

but were retained because of the support of other biologically related changes (e.g. subunits 

of the same complex changing coherently or co-ordinated changes in known metabolic 

pathways).  Few of them may require further validation and q-values are reported for 

clarity in Table 2.  Indeed, none of these proteins (individually) reaches the statistical 

significance required after Bonferroni correction. This, obviously, is a consequence of the 

very small sample size, and the fact that about 1200 proteins were observed on the gels and 

had to be corrected for when attempting to control the family wise error rate (which is not 

very desirable in such a setting, as the p-values for true and false positives overlap 

substantially, due to the small sample size). Note that none of these considerations 

explicitly address the magnitude of the observed differences.  
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Supplemental Results 

Differential Display Analysis 

Table 2 lists protein changes in alphabetic order. The abundance of 31 protein species was 

changed in CRT group compared with DHF. MS identification, based on MS/MS, is listed. 

In a few cases, more than one protein was identified in a single gel spot, in most of these 

cases, carryover was ruled out based on spectra quality, number of unique peptides, and 

pI/MW values. In two cases it was not possible to unambiguously assign protein identity 

based on aforementioned criteria (eg. SAM50-like protein/ATP-synthase alpha subunit and 

NADH-dehydrogenase Fe-S 30 kDa/Clp protease) therefore multiple IDs are maintained in 

Figure 2H). Fold changes are presented with a positive or negative sign to indicate when 

their level were respectively increased or reduced upon CRT. Mitochondrial proteins are 

numbered, whereas mitochondria-associated proteins are marked with letters.  

 

Other Protein Changes 

The SAM50-like protein CGI-51 was detected together with ATPα in a protein spot that 

increased with CRT (3-fold, p=0.02,q=0.24). Although we could not unambiguously assign 

the protein spot identity, it is likely that ATPα, being a very highly abundant protein in 

mitochondria, is a carryover contaminant. Moreover the experimental pI and MW values 

are compatible with the assignment to SAM50 since ATPα theoretical pI is considerably 

different from the observed value. 

 Another spot is decreased in CRT (-2-fold, p0.031, q=0.27) and contains both the casein-

like ATP-activated protease ClpP and the 30 kDa Fe-S subunit of complex I NADH-
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dehydrogenase. Subsequent immunoblotting analysis confirmed a reduction in ClpP levels 

(see online Supplementary Figure 5 and Figure 2H in the main text).  

 

Additionally, two proteins that are known to associate with mitochondria were found to be 

modulated by CRT were significantly altered upon CRT (Figure 2I of main text), Desmin, 

an intermediate filament protein that is known to interact with and influence mitochondrial 

function14, 15, and GAPDH which interact with proteins on the cytosolic side of the outer 

mitochondrial membrane were increased in CRT (2- fold, p=0.003 and 0.02, and q=0.10 

and 0.23 respectively). 

 

ATPδ Subunit is Phosphorylated with CRT and DHF 

Another subunit of complex V, ATP-synthase δ (ATPδ), displayed a change in pI upon 

treatment with alkaline phosphatase as shown in Supplementary Figure 1C of online 

supplement. The dominant blue colour (Cy2) of the basic spot indicates an increase in the 

density of the spot, corresponding to the un-phosphorylated form of ATPδ upon AP 

treatment. Phosphorylation of ATPδ was also confirmed through two-dimensional western 

blotting analysis using a specific antibody (anti-ATP5D, Atlas Antibody- Sigma). 

Supplementary Figure 1D shows a representative 2D western blotting of DHF, CRT and 

AP.  

 

Ingenuity Pathways Analysis 

FASTA sequences obtained from NCBI protein database listed in Table 2 were blasted 

against Uniprot database and the top ranking sequences were used to compile a dataset. 
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This also included the fold changes listed in Table 2. The dataset was up-loaded into IPA 

and a core analysis was performed. The canonical pathways that were modulated 

significantly according to the algorithm along with other major canonical pathways are 

displayed in Supplementary Figure 3.  

 

Supplemental Discussion  

Intriguingly, a membrane protein of unknown function, XP_53391 is strongly reduced in 

the CRT group. The biological role of this protein in the pathophysiology of HF has not yet 

been characterized suggesting a valuable new series of experiments to define its role. The 

C-terminus part of XP_53391 protein is homologous to the same portion of zebra fish 

isocitrate dehydrogenase gamma isoform (gi|62955395). IDH activity was tested, and 

found to have increased with CRT (Supplementary Figure 4). The XP_53391 protein spot 

decreased with CRT. Protein modification (see pI shift in Table 2) or different IDH protein 

isoform expression may explain this reverse correlation. However, further investigations 

are needed to assign IDH activity to XP 53391. 

 

SAM50-like protein CGI-51 (sorting and assembly machinery component 50 homolog) 

was detected together with ATPα, in a spot whose quantity was increased by 3-fold in 

CRT. SAM50-like protein is poorly characterized and was found in the outer mitochondrial 

membrane of human heart mitochondria in association with the mitochondrial protein 

import machinery16. This evidence points to a potential increase in mitochondrial protein 

import capacity with CRT, in accordance with the observed reduction in protein turnover 

and improvement in mitochondrial protein synthesis. 
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We recently described a role for reduced apoptosis in the canine DHF model3. ROS 

production has been pointed as one of the possible causes for contractile deficiency and 

heart failure also based on their capacity to activate the mitochondrial apoptotic pathway17, 

18. The remarkable increase in thioredoxin-dependent peroxide-reductase, found in the 

present study, suggests that the mitochondria in the CRT group are more protected against 

ROS production. Interestingly, another mitochondrial protein involved in redox protection 

and apoptosis regulation, programmed cell death 8 or apoptosis inducing factor (AIF), was 

elevated in the mitochondria obtained from CRT compared to DHF dogs. The role of AIF 

in oxidative stress protection and apoptosis is controversial19. However, increased 

susceptibility to oxidative stress and increased apoptosis after ischemia/reperfusion injury 

and aortic banding were reported in AIF-deficient mouse mutants (Harlequin, Hq) 

compared to wild type, confirming the function of AIF as a ROS scavenger in the heart, in 

vivo20. The contemporary increase in AIF levels observed in the present study, together 

with the reported reduced apoptosis in the same animal model, after CRT3, support the 

hypothesis that AIF primary function in vivo is protection from ROS. 

 

Finally, only few mitochondria-associated proteins were modified by CRT. The most 

important of these is desmin, that is the specific intermediate filament cytoskeleton protein 

in the cardiac myocyte and has shown the ability to modulate mitochondrial activity and 

localization 14, 15. Mitochondrial localization is crucial in ensuring proper energy production 

and delivery to sites with high energy demand. Cytoskeletal and myofibrillar 

disarrangement in cardiac myocytes is one of the early features that define cardiac failure; 
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we believe that intermediate filaments play a crucial role in regulating the maladaptive 

transition to the diseased phenotype, possibly mediated by mitochondria re-distribution. It 

is therefore not surprising that this protein is changed when bi-ventricular pacing is applied. 

 

Supplemental Figure Legends 

Supplementary Figure 1. Succinate dehydrogenase and ATP-synthase δ subunit  

phosphorylation. Two representative images of de-phosphorylation 2DE zoomed at 

succinate dehydrogenase are shown for ease of comprehension: with three Cy Dyes is 

shown in panel A (DHF in green (Cy3), CRT in red (Cy5) and the alkaline phospatase-

terated pool (AP) in blue (Cy2)); and the classical two-dyes de-phosphorylation assay 

described by Raggiaschi et al., in  panel B. In panel C is presented the doublet obtained de-

phosphorylation of ATPδ . Cy-dye sample and color- assignment are provided. In panel D a 

two-dimensional western-blotting analysis using a specific anti-ATPδ is also presented 

confirming pI shift upon tretment with AP. Note the shift in pI upon treatment with 

alkaline-phosphatase (AP). ☺; positive control for second dimension (SDS-PAGE). 

Supplementary Figure 2. ATPβ degradation and MS/MS sequence coverage. Protein 

spots identified as ATPβ are indicated by arrows and accompanied by serial spot numbers 

(SSN) in Panel A. Panel B shows the sequence coverage obtained during the MS/MS 

abalysis for each individual spot. The sequence of the precursor protein (NCBI 

gi|73968432) is utilized, and the mitochondrial transit peptide adapted from the human 

sequence (47 aa, uniprot/swissprot database) is shown, together with its expected molecular 

weight. Bold red fonts indicate sequences covered by observed peptides. Red boxes 
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indicate the portion of the protein that is absent (i.e. not covered) in the specific protein 

fragment. 

Supplementary Figure 3. Canonical pathways analysis through the Ingenuity Pathways 

Analysis (IPA) software. The ratio between the levels of protein in the CRT vs. DHF 

comparison are plotted along with a trend line (threshold) that divides the pathways that are 

significantly altered with CRT.  

Supplementary Figure 4. Isocitrate activity in CRT and DHF hearts.   

Supplementary Figure 5. Two-dimensional immunoblotting analysis for ClpP. The basic 

edge of 4-7 18 cm strip was cut and mounted on a small precast gel and subsequently 

blotted on PVDF. Anti-ClpP antibody (Sigma, Prestige Antibody, 1:2500 diluted) was used 

to probe the membrane. DHF, Dyssynchrony-induced Heart Failure; CRT, Cardiac 

Resynchronization Therapy; AP, alkaline phosphatase treatment. 

Supplementary Figure 6. Experimental design and proteomics workflow. See main text 

for description. LBBB, left bundle branch blockade; TP, tachy-pacing; 2DE, two-

dimensional electrophoresis; DHF, Dyssynchronous Heart Failure; CRT, Cardiac 

Resynchronization Therapy; AP, Alkaline Phosphatase; MS/MS, tandem mass 

spectrometry; IMAC, immobilized metal affinity chromatography.  

Supplementary Figure 7. Mitochondrial enrichment protocol. Mitochondrial protein 

enrichment was evaluated by probing the fractions collected along with the enrichment 

protocol with specific antibodies for mitochondria (ATPβ) and myofilaments (Troponin I, 

TnI).  

Supplementary Figure 8. Histogram of the protein p-values (A), and q-values for  p<0.05   

(B). The histogram shows a clear enrichment of low p-values, i.e. a  strong departure from 
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a Uniform(0,1) distribution, which would be  expected if no signal in the data existed.  Q-

values were calculated to address the multiple comparisons problem. The p-value cut-off 

for false discovery rate control at 10%, 20% and 30% were 0.003, 0.014, and 0.043, 

respectively. For example, declaring all differences with p<0.013 significant yields 62 

spots, of which about 12-13 would be expected false positives. 
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