Materials: Antibodies for LC3B, BECN1, SQSTM1 (p62), and UBIQUITIN were purchased from New England Biolabs (Whitby, ON). Antibodies for BNIP3 and LAMININ proteins were purchased from Sigma-Aldrich (Oakville, ON). Antibody for PARKIN protein was purchased from ThermoFisher Scientific (Rockford, IL). Antibody for (-ACTIN was obtained from Sigma-Aldrich (Oakville ON). Alexa Fluor( 568 secondary antibody was purchased from ThermoFisher Scientific (Burlington ON). Murine C2C12 myoblasts were obtained from the American Type Culture Collection, (ATCC, Manassas, VA).
Muscle fiber atrophy:  The costal part of the diaphragm muscle was removed intact and positioned flat in OCT on a piece of plastic prior to freezing in liquid nitrogen- cooled isopentane. The frozen costal diaphragm was positioned vertically on the cryostat to obtain cross sections of this muscle.  All muscle samples were cut into 10 (m cross-sections, fixed in paraformaldehyde (2%) in phosphate buffered saline (PBS) for 20 min, then permeabilized in PBS/Triton (0.2%) for 10 min. Sections were washed with PBS/Glycine (100mM) then blocked with PBS/bovine serum albumin (2%)/Triton (0.2%)/ Tween (0.05%) for 30 min. To outline muscle fibers, sections were incubated with a primary LAMININ antibody (L9393, at 1:750) for 1 hr at room temperature. They were then washed three times with PBS/Triton (0.2%)/Tween (0.05%) and incubated with Alexa Fluor(568 secondary antibody for 1 hr at room temperature. After three more washes with the PBS/Triton/Tween solution, sections were counterstained with 4’,6-diamino-2-phenylindole (0.5 ng/ml) in PBS for 5 min at room temperature, rinsed twice with double distilled water then slide-mounted with Lerner AquaMount™ mounting medium. Images were captured using an Olympus IX70 microscope (20X magnification). Minimum Feret diameters of at least 600 fibers per muscle sample were measured in non-overlapping fields with ImageJ software (US National Institutes of Health, Bethesda, MD). 

Determination of fiber type and size: Diaphragm muscle sections were immunolabeled for myosin heavy chain (MHC) types I, IIa and IIb as previously described (Leduc-Gaudet et al. Oncotarget 6:17923-17937, 2015). Briefly, muscle cross-sections were first allowed to reach room temperature and rehydrated with PBS (pH 7.2).  Sections were then blocked using goat serum (10% in PBS) and incubated for 1 hour at room temperature with the following primary antibody cocktail: mouse IgG2b monoclonal anti-myosin heavy chain (MHC) type I (BA-F8, 1:25), mouse IgG1 monoclonal anti-MHC type IIa (SC-71, 1:200), mouse IgM monoclonal anti-MHC type IIb (BFF3, 1:200) and rabbit IgG polyclonal anti-LAMININ (Sigma L9393, 1:750). Muscle cross-sections were then washed three times in PBS before being incubated for 1 hour at room temperature with the following secondary antibody cocktail: Alexa Fluor 350 IgG2b (y2b) goat anti-mouse (Invitrogen, A-21140, 1:500), Alexa Fluor 594 IgG1 (y1) goat anti-mouse (Invitrogen, A-21125, 1:100), Alexa Fluor 488 IgM goat anti-mouse (Invitrogen, A-21042,1:500) and Alexa Fluor 488 IgG goat anti-rabbit (A-11008, 1:500). Muscle cross-sections were then washed three times in PBS and slides were then cover slipped using Prolong Gold (Invitrogen, P36930) as mounting medium. Images were captured using an Olympus IX70 microscope (20X magnification). Minimum feret diameters of at least 300 fibers per muscle sample were measured with ImageJ software (US National Institutes of Health, Bethesda, MD). All primary antibodies targeting MHCs were purchased from the Developmental Studies Hybridoma Bank (DSHB, University of Iowa, IA). 

Diaphragm contractility: Bundles were obtained from the middle part of the lateral costal region of the diaphragm by careful dissection parallel to the long axis of the fibers. Both ends of each diaphragm bundle were tied with silk sutures to serve as anchoring points. The bundles were suspended in a tissue bath containing Krebs solution and continuously aerated with 95% O2 and 5% CO2. Temperature was maintained at 37ºC using a thermostatically controlled water pump. The bundles were placed in between two large platinum stimulating electrodes, anchored at the bottom to a rigid support and at the top fastened to an isometric force transducer (Maywood Ltd., Hampshire, U.K.) connected to a micrometer. Signals were amplified and recorded on computer with data acquisition system Boipac MP150 (Cerom, Paris, France) and analyzed with acqknolwedge software.  Stimulations were delivered by a home-made stimulator. Optimal muscle length (Lo) for peak twitch force was established for each bundle. The following measurements were performed at Lo, after a thermo-equilibration period of 15 min: 

a) Maximum twitch force was obtained from two successive twitch stimulations (1 Hz). The highest value was chosen.

b) Maximum tetanic force was obtained by stimulating diaphragm strips twice at 160 Hz (duration of 250 ms) with a two minute interval. Each pulse had duration of 0.2 ms. Tetanic force was taken as the maximal tension elicited at 160 Hz. At the end of the in vitro experiment, each muscle bundle was removed from the bath and its length, width and thickness were measured at Lo. They were blotted dry and weighed. All tensions were normalized for cross sectional areas.

Myoblast exposure to H2O2: Murine C2C12 myoblasts were cultured in growth medium (DMEM supplemented with 10% FBS) at 37oC and 5% CO​​2. Cells were seeded at 1.5 x 105 on 6-well (34.8mm well diameter) plates and were exposed to 100 (M of hydrogen peroxide (H2O2) or PBS for 24 hr.  Cells were then lysed and total RNA and proteins were extracted for the measurements of autophagy-related genes, miRNAs and LC3B protein lipidation using qPCR and immunoblotting, respectively.
 Immunoblotting: C2C12 cells were washed twice with PBS and lysed using lysis buffer (pH 7.5) containing 50 mM HEPES, 150 mM NaCl, 100 mM sodium fluoride, 1 mM sodium orthovanadate, 5 mM EDTA, 1 mM PMSF, 2 μg/ml leupeptin, 5 μg/ml aprotinin and 0.5% Triton( X-100. Cell debris and nuclei were separated by centrifugation at 5,000g for 5 min. Supernatants were boiled for 5 min then loaded onto tris-glycine SDS polyacrylamide gels (SDS-PAGE).  For in-vivo experiments, frozen diaphragm samples were homogenized in homogenization buffer (tris-maleate (10 mM), EDTA (3 mM), sucrose (275 mM), DTT (0.1 mM), leupeptin (2 μg/ml), PMSF (100 μg/ml), aprotinin (2 μg/ml), and pepstatin A (1 mg/100 ml, pH 7.2)), then centrifuged at 5000 rpm for 10 min in a cold room. Pellets were discarded and supernatants were designated the crude homogenate. Total muscle protein in each sample was determined using the Bradford protein assay technique. Crude homogenate (25-50 μg/sample) was mixed with SDS sample buffer, boiled at 95° C for 8 min, loaded onto tris-glycine sodium dodecyl sulfate polyacrylamide gels (SDS-PAGE) and separated into proteins by electrophoresis. Proteins were electrophoretically-transferred to polyvinylidene difluoride (PVDF) membranes and blocked with bovine serum albumin (1%) or milk for 1 hr at room temperature. PVDF membranes were incubated with primary antibodies overnight at 4°C, washed, then incubated with horseradish peroxidase-conjugated secondary antibody. Specific proteins were detected using an enhanced chemiluminescence kit (ECL). Equal loading of proteins was confirmed by stripping each membrane and re-probing with anti-β-ACTIN antibody. Immunoblots were scanned with an imaging densitometer. Optical densities (OD) of protein bands were quantified using Gel-Pro Analyzer software (MediaCybernetics, Rockville, MD). 

Protein carbonylation detection: Protein carbonylation in muscle homogenates was detected using an OxyblotTM Protein Oxidation Detection kit (Millipore). Carbonyl groups on protein side chains were derivatized to 2,4-dinitrophenylhydrazone by reaction with 2,4-dinitrophenylhydrazine (DNPH), according to manufacturer's instructions. In brief, 15µg of protein were used per derivatization reaction. Proteins were denatured by addition of 12% sodium dodecylsulfate (SDS). Samples were subsequently derivatized by adding 10µl of 1x DNPH solution and incubated for 15 min. Finally, 7.5µl of neutralization solution and 2-mercaptoethanol were added to the sample mixture. DNP-derivatized proteins were loaded onto 12% tris-glycine SDS polyacrylamide gels then separated by electrophoresis. Proteins were transferred by electrophoresis to methanol pre-soaked PVDF membranes then blocked with 5% non-fat dry milk for 1 hr at room temperature. PVDF membranes were then incubated overnight at 4°C with a polyclonal anti-DNP moiety antibody. PVDF membranes were washed several times with buffer and incubated with horseradish peroxidase (HRP)-conjugated anti-rabbit secondary antibodies for 1 hr. Specific proteins were detected with a chemiluminescence (ECL) kit. Blots were scanned with an imaging densitometer and optical densities (OD) of protein bands were quantified using ImagePro Plus software. Total protein carbonylation OD in a given sample was calculated by adding OD of individual carbonylated protein bands.

Detection of mRNA using qPCR: Total RNA was extracted from muscle samples and C2C12 myoblasts using a GenElute™ Mammalian Total RNA Miniprep Kit (Sigma-Aldrich, Oakville, ON). Quantification and purity of RNA was assessed using the A260/A280 absorption method. Total RNA (2 μg) was reverse transcribed using a Superscript II® Reverse Transcriptase Kit and random primers (Invitrogen Canada, Burlington, ON). Reactions were incubated at 42°C for 50 min and at 90°C for 5 min. Real-time PCR detection of mRNA expression was performed using a Prism® 7000 Sequence Detection System (Applied Biosystems, Foster City, CA). Specific primers (10 μM) were designed to quantify Ulk1, Becn1, Atg4b, Bnip3, Lc3b, Sqstm1, Park2, Uvrag, Gabarapl1, Fbxo32 (Atrogin-1), Trim63 (MuRF1), Nedd4, and Fbxo30 (Musa1) (Table 1). β-Actin served as an endogenous control transcript. Each primer (3.5 μl) was combined with reverse-transcriptase reagent (1 μl) and SYBR® Green master mix (25 μl) (Qiagen, Valencia, CA). The thermal profile was as follows: 95°C for 10 min; 40 cycles each of 95°C for 15 s; 57°C for 30 s; and 72°C for 33 s. All real-time PCR experiments were performed in triplicate. A melt analysis for each experiment was performed to assess primer-dimer formation or contamination. For each target gene, cycle threshold (CT) values were obtained. Relative mRNA level quantifications of target genes were determined using the threshold cycle (ΔΔCT) method.
Detection of miRNA using real-time PCR: Total RNA was extracted using Qiazol® and miRNeasy Mini Kit (Qiagen, Hilden, Germany) according to the manufacturers’ protocols. Mature miR-20a-5p, miR-106b-5p, miR376c-3p, miR-30a-5p, miR-101a-3p, miR-210a-3p, miR-145-5p, miR-204-5p, miR-550b, miR-17-5p and miR-93-5p were detected using an NCode™ miRNA qRT-PCR Kit (Invitrogen) and real-time PCR with specific primers (Table 2), SYBR® green, and a 7500 Real-Time PCR System. All experiments were performed in triplicate. Relative miRNA expression was determined using the CT method where CT values of individual miRNA data were normalized to CT values of U6 snRNA. Relative mRNA level quantifications of target genes were determined using the threshold cycle (ΔΔCT) method.
Supplementary Table 1: Primers used for real-time PCR experiments to detect the expression of various mRNAs in the diaphragm of the three groups of rats  

Gene


Primers

Atg4b


Forward: 5’- CTCCCTGCTGGAGCTGAAGT -3’

Reverse: 5’- GACTGGGGCATCATGAAACA -3’

Becn1


Forward: 5’- CAGGAGAGAGCCAGGAGGAA -3’

Reverse: 5’- CTTGAGTCTCCGGCTGAGGT-3’

Bnip3


Forward: 5’- CCCCCAAGGAGTTCCTTTTT -3’

Reverse: 5’- TCCCCAATCCAATGGCTAAC-3’
Fbxo32 (Atrogin-1)
Forward: 5’-TGCTCAGTGAAGACCGGCTA -3’

Reverse: 5’-TTGGGTAACATCGCACAAGC -3’

Fbxo30 (Musa-1)
Forward: 5’- TCCATTGGTTTGTGGAG-3’

Reverse: 5’- CACCACACTTGCAGGACA-3’

Foxo1


Forward: 5’- AAGGATAAGGGCGACAGCAA -3’

Reverse: 5’- TGGATTGAGCATCCACCAAG-3’
Foxo3


Forward: 5’- GGTCATGGGTCACGACAAGA -3’

Reverse: 5’- GAGGCCTGCTTAGCACCAGT-3’
Gabarapl1

Forward: 5’- TAAAGAGGACCACCCCTTCG-3’

Reverse: 5’- CGGAGGGCACAAGGTACTTC-3’

Lc3b


Forward: 5’- GCCTTCTTCCTCCTGGTGAA-3’

Reverse: 5’- TCCTGGGAGGCATAGACCAT-3’
Park2


Forward: 5’- AGCAGCCAGAGGTCCAGAAG-3’

Reverse: 5’- CCACTCATCCGGTTTGGAAT-3’
Nedd4


Forward: 5’-GACCAAGCCCTGAGGATGAC -3’


Reverse: 5’-TTCTCAGGGGACTCGTGGTT -3’

Sqstm1


Forward: 5’- AGTTCCAGCACAGGCACAGA -3’


Reverse: 5’- CCACCGACTCCAAGGCTATC -3’

Trim63 (Murf-1)
Forward: 5’-GGGAACGACCGAGTTCAGAC -3’

Reverse: 5’-GCGTCAAACTTGTGGCTCAG -3’

Ulk1


Forward: 5’CACTGCGTGGCTCACCTAAG-3’

Reverse: 5’- AGCCAACAGGGTCAGCAAAT-3’

Uvrag


Forward: 5’-GGCCTTCCTGCATAAGCAAC -3’

Reverse: 5’-CTCCTTCCTCAGCTCCCTCA-3’

(-Actin


Forward: 5’-TGTGGCATCCATGAAACTACATT -3’

Reverse: 5’-AGGAGCAATGATCTTGATCTTCA -3’

Supplementary Table 2: Real-time PCR primers used to detect miRNAs in the diaphragm and gastrocnemius muscles and in C2C12 cell lysates. 

miRNA

Accession number
qPCR sequence 5’ to 3’

rno-miR-20a-5p
MIMAT0000602
TAAAGTGCTTATAGTGCAGGTAG

rno-miR-106-5p
MIMAT0000825
TAAAGTGCTGACAGTGCAGAT

rno-miR-376c-3p
MIMAT0017219
GTGGAUATTCCTTCTATGTTT

rno-miR-30a-5p
MIMAT0000809
TGTAAACATCCTCGACTGGAAG

rno-mir-101a-3p
MIMAT0000823
TACAGTACTGTGATAACTGAA

rno-miR-210a-3p
MIMAT0000881
CTGTGCGTGTGACAGCGGC

rno-miR-204-5p
MIMAT0006789
TGCTGGATCAGTGGTTCGAGTC

rno-miR-17-5p
MIMAT0000786
CAAAGTGCTTACAGTGCAGGTAG

rno-miR-93-5p
MIMAT0000817
CAAAGTGCTGTTCGTGCAGGTAG

rno-miR-21-5p
MIMAT0000790 
TAGCTTATCAGACTGATGTTGA

rno-miR-206-3p
MIMAT0000879
TGGAATGTAAGGAAGTGTGTGG

rno-miR-23a-3p
MIMAT0000792
ATCACATTGCCAGGGATTTCC
U6 


NR_004394.1

ACTAAAATTGGAACGATACAGAGA
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Supplementary Figure 1: A) Representative immunolabelling for type I (blue), type IIa (red) and type IIb (green) MHC of diaphragm cross-sections of SB, MV, and MV-NAC groups. Type IIx fibers (not immunolabelled) are shown in black. LAMININ was also immunolabelled to highlight fibber borders (green line surrounding each muscle fiber).  The scale bars represent 100 (m. 

B) Minimum Feret diameters of diaphragm muscle fibers expressing myosin heavy chain type I, IIa, IIx, and IIb proteins in SB (N=7), MV (N=6), and MV-NAC (N=6) groups. Data are presented as means (SD. *P<0.05 compared to the SB group 

[image: image2.png]>
=

Q
<
<
>
=

=

-
"
»
h

.
o
.
.
.
S
.
.
.
.
.
o
B
O
ol
o
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
3
.
.
.
.
.
.
.
.
.
.
of
ol

OVN-AN
AN

ds

p-P70S6K1

O O O~ O W T M AN «— O
-—

(gs wouy pjo}) @o uisyoid

| AKT

. s s | P70S6K1

s s e p-AMPKo

s e AMPKa





Supplementary Figure 2: Representative immunoblots of phosphorylated and total AKT, P70S6K1, and AMPK( proteins in the diaphragms by group. B: Optical densities of phosphorylated and total AKT, P70S6K1, and AMPK( proteins in the diaphragms of MV and MV-NAC groups. Values are means ( SD, expressed as fold change from SB group (dotted line), n=6 per group. *P<0.05 compared to the SB group; #P<0.05 compared to MV group.
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Supplementary Figure 3: Expression of various miRNAs in rat diaphragm of the SB group. Values are means (SD and are expressed as percentage of the expression of miR-206-3p (most abundantly expressed miRNA in skeletal muscles). N=9 per miRNA. 
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Supplementary Figure 4: Expression of various miRNAs in rat gastrocnemius muscle of the SB group. Values are means (SD and are expressed as percentage of values measured in the diaphragm. N=9 per miRNA. *p<0.05, compared to the diaphragm. 
