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7.7 METHODS 

 
7.7.1 Contractile performance of demembranated single diaphragm 
muscle fibers 
Single muscle fibers were isolated from the biopsies and demembranated (i.e., 
skinned) for 30 minutes at ~4°C in relaxing solution (in mM; 20 BES, 10 EGTA, 
6.56 MgCl2, 5.88 NaATP, 1 DTT, 46.35 K-propionate, 15 creatine phosphate, pH 
7.0 at 20°C) containing 1% (v/v) Triton X-100. To prevent protein degradation, 
the solutions contained protease inhibitors (phenylmethylsulfonyl fluoride 
(PMSF), 0.5mM; Leupeptin, 0.04mM; E64, 0.01mM). The skinning procedure 
renders the membranous structures in the muscle fibres permeable, which 
enables activation of the myofilaments with exogenous Ca2+. Preparations were 
washed thoroughly with relaxing solution and mounted between a 
displacement generator and a force transducer element (AE 801, SensoNor, 
Norway) using aluminum T-clips. Sarcomere length was set at 2.5 µm using a 
He-Ne laser diffraction system. Fiber width and diameter were measured at 
three points along the fiber and the cross-sectional area was determined 
assuming an elliptical cross-section. Three different bathing solutions were 
used during the experimental protocols: a relaxing solution, a pre-activating 
solution with low EGTA concentration, and an activating solution with high 
calcium concentration. The composition of these solutions was as described 
previously (1). Steady-state force, measured while bathed in the activating 
solution, was normalized to fiber cross sectional area. At the end of the single-
fiber contractile measurement protocol, myosin heavy chain isoform 
composition of the fiber was identified by sodium dodecyl sulfate–
polyacrylamide gel electrophoresis, as described previously (2).  
 
7.7.2 Immunohistochemistry and electronmicroscopy 
Cryosections (7 µm thick) were rehydrated for 10 minutes in phosphate buffer 
and subsequently blocked with phosphate buffer containing 0.3% (w/v) bovine 
serum albumine. Subsequently, cryosections were incubated with primary brd-
5 (slow), sc-71 (fast) or WGA antibody, followed by appropriate fluorescent 
ALEXA labeled secondary antibodies (Molecular 
Probes, Egene, Oregon, USA). Following each incubation, cryosections were 
washed three times for five minutes with phosphate buffer. Separate sections 
were incubated with a primary antibody (rabbit) raised against rat 
nitrotyrosine (A-21285; Molecular Probes) and then incubated with a secondary 
antibody as described above. Finally, the sections were embedded in Mowiol 
(10% (w/v) in 0.1M Tris-HCL, pH 8.5 / 25% (v/v) glycerol / 2.5% (w/v) NaN3). 
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Sections were quantitatively analyzed with use of an inverted digital imaging 
microscopy workstation (Intelligent Imaging Innovations (3i) equipped with a 
motorized stage and multiple fluorescent channels. For quantification of 
nitrotyrosine staining, the mean intensities of the red channel were normalized 
per fiber area after subtraction of non-specific staining (which was obtained 
from experiments on serial sections in which the primary antibody was 
omitted). A cooled charge-coupled device camera (Cooke Sensicam; Cooke Co., 
Eugene, OR) was used to record images. Exposures, objective, montage, and 
pixel binning were automatically recorded and stored in memory. Dedicated 
imaging and analysis software (SlideBook, version 4.2, 3i) was obtained from 
Intelligent Imaging Innovations (Denver, CO). 
For elecronmicroscopy, samples were fixed in 2% (vol/vol) glutaraldehyde for 30 
minutes and 1.5% (wt/vol) osmium tetroxide for 10 minutes, dehydrated with 
acetone, and embedded in Epon812. Ultrathin sections were collected on 300-
mesh Formavar-coated nickel grids. The sections were contrasted with uranyl 
acetate and lead citrate and were examined in a Jeol-1200EX electron 
microscope. 
 
7.7.3 MAFbx and MuRF-1 mRNA determination with real-time 
quantitative PCR 
Total RNA was extracted from diaphram samples using Trizol Reagent 
(Invitrogen, Carlsbad, CA) according to the manufacturer's recommendations. 
The extracted RNA was dissolved in diethylpyro-carbonate (DEPC)-treated 
water and the concentration was determined by spectroscopy at 260 nm using 
the Ultrospec 1000 UV/Visible Spectrophotometer (Pharmacia Biotech, Foster 
City, CA). Total RNA was then reverse transcribed into cDNA using 50 ng of 
total RNA in a 20µl reaction volume by using SuperScriptTM Reverse 
Transcriptase (Invitrogen, Carlsbad, CA). Quantitative PCR was performed in 
a total reaction volume of 25 µl per reaction.  The 25 µl reaction mixture 
contained 12.5 µl of a SYBR green mix (Bio-Rad, Salt Lake City, UT), 10 pmol 
of each forward and reverse primer, 1µl cDNA and nuclease-free water to make 
up the reaction volume. Specific primers were selected using express software 
(Applied Biosystems, Foster City, CA). Forward and reverse oligonucleotides 
used were as following: MAFbx, 5’-CATCCTTATGTACACTGGTCCA-AAGA-3’ 
and 5’- ATCCGATACACCCACATGTTAATG-3’, MuRF-1, 5’- 
AACTTGGAGAAGCAGCTGATCTG-3’ and 5’-TAGGGATTTGCAG-CCTGGAA-
3’;  Glyseraldehyde-3-phosphate dehydrogenase (GAPDH), 5’-
ATTCCACCCATGGCAAATTC -3’ and  5’- AT-TCCACCCATGGCAAATTC -3’. 
These primers were synthesized by Sigma Genosys. PCR runs were performed 
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in triplicate using MyiQ real time PCR detection system (Bio-Rad, Salt Lake 
City, UT). Levels of MAFbx and MuRF-1 mRNA were normalized to that of 
GAPDH in arbitrary units, as well as to TBP (TATAbox binding protein) and to 
B2M (beta-2- microglobuline). Normalization to GAPDH, TBP, and to B2M 
rendered similar results. 
 
7.7.4 Gel Electrophoresis and Western Blots 
For titin analyses 1% SDS-agarose electrophoresis was performed as previously 
described (3). Wet gels were scanned and analyzed with One-D scan EX 
(Scanalytics Inc., Rockville, MD, USA) software. The integrated optical density 
of titin, nebulin, and myosin heavy chain were determined as a function of the 
volume of solubilized protein sample that was loaded (a range of volumes was 
loaded on each gel). The slope of the linear range of the relation between 
integrated optical density and loaded volume was obtained for each protein. 
For determination of myosin heavy chain isoform composition muscle samples 
(or single muscle fiber) were placed in SDS sample buffer containing 62.5 mM 
Tris_HCL, 2% (wt/vol) SDS, 10% (vol/vol) glycerol, and 0.001% (wt/vol) 
bromophenol blue at a pH of 6.8. The samples were stored at -80°C until 
assayed. The samples were denatured by boiling for two minutes. The stacking 
gel contained a 4% acrylamide concentration (pH 6.7), and the separating gel 
contained 7% acrylamide (pH 8.7) with 30% glycerol (v/v). Sample volumes of 
10 µl were loaded per lane. The gels were run for 24h at 15°C and a constant 
voltage of 275V. Finally, The gels were silver-stained, scanned, and analyzed 
with One-D scan EX software. For MuRF-1 Western blotting a total of 100 µg of 
solubilized extracts were loaded on gel, and separated on 4–12% gradient SDS-
acrylamide gels (Invitrogen) followed by transfer onto PVDF membranes. The 
protein levels of MuRF1 were determined with a specific MuRF1 antibody 
previously described [Labeit et al, 2010; Moriscot et al, 2010]. After incubation 
with primary antibodies, specific bands were visualized by enzymatic 
chemiluminescence using horseradish-peroxidase-conjugated secondary 
antibodies, (Super Signal West Pico; Pierce, Bonn, Germany), that were 
quantified by densitometry using a onedimensional scan software package 
(Scanalytics, Rockville, USA). Loading variations were monitored by 
Coomassie-staining. 
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