Data Supplement to Remme et al.: The cardiac sodium channel displays differential distribution in the conduction system and transmural heterogeneity in the murine ventricular myocardium

Supplemental Methods

Immunocytochemistry

The human sodium channel α-subunit SCN5A with GFP fused at the carboxyl end was transfected in HEK293 cells using Lipofectamine Reagent (Gibco BRL, Life Technologies), according to manufacturer’s instructions. Transfected HEK293 cells were cultured for 1-2 days in a 5% CO2 incubator (37ºC) in Minimum Essential Medium containing Earle’s salts and L-glutamine (Gibco BRL, Life Technologies) supplemented with non-essential amino acid solution, 10% fetal bovine serum, 100 IU/ml penicillin, and 100 (g/ml streptomycin. Transfected cells were grown on glass coverslips coated with 0.1% gelatin, fixed in methanol (-20°C) and incubated in 0.1 % Triton X-100 in PBS for 30 min at room temperature (RT). Cells were then blocked with 2% bovine serum albumin (BSA, in PBS) for 30 min, and incubated at RT with primary (overnight) and secondary antibody (90 min) in 10% normal goat serum (NGS, in PBS). 

Western blot analysis

Total membrane protein fractions were isolated from HEK293 cells transfected with the β1-subunit with or without SCN5A. Transfected cells were dissolved in ice-cold lysis buffer (containing 5mM Tris-HCl pH 7.5, 2mM EDTA) supplemented with a protease inhibitor cocktail tablet (Complete Mini, Roche Diagnostics). Samples were homogenized using a polytron (turrax) and treated for 20 minutes with rDNase (250 μg/mg tissue; Macherey-Nagel). The homogenate was then centrifuged at 2200 rpm for 15 minutes in a pre-chilled (4ºC) microcentrifuge. The supernatant was transferred to a fresh tube and stored over ice while the pellet was resuspended in lysis buffer and centrifuged at 2200 rpm for 15 minutes in order to maximize yield. Both supernatants were pooled and centrifuged at 14,000 rpm for 30 minutes. The pellet comprising the total membrane fraction was resuspended in resuspension buffer (containing 75mM Tris-HCl pH 7.5, 5mM EDTA, 12.5mM MgCl2 and protease inhibitor cocktail). An aliquot of the membrane protein fractions was solubilized in resuspension buffer containing 0.1% Triton X-100 and protein concentrations were determined using the BCA-protein assay kit (Pierce). 100 µg of solubilized membrane protein was treated with Laemmli sample buffer (containing 25% β-mercaptoethanol) and incubated at 70ºC for 10 minutes. A sample load of 50 µg was added to a 6% SDS-polyacrylamide gel followed by electrophoresis for 90 minutes at 160V. The gel was blotted to a pre-equilibrated Hybond LFP PVDF transfer membrane (GE Healthcare, Amersham) by a semi-dry system for 75 minutes at 12 V. Next, the 6% polyacrylamide gel post-blot membranes were incubated for 4 hours with anti-Nav1.5 (1:400 dilution in block buffer), followed by incubation with the secondary antibody for 2 hours at RT. Antibody signal was detected using the ECL Plus Western blotting detection kit (GE Healthcare, Amersham). 

In situ hybridization

To investigate regional mRNA distribution in embryonic tissue, we performed sensitive non-radioactive in situ hybridization as previously described (Somi et al., J Histochem Cytochem 2006;54:649-664). Embryos were fixed for 4 hours to overnight in freshly prepared 4% PFA in PBS, dehydrated in a graded ethanol series, paraffin-embedded, cut into sections, and mounted on AAS-coated slides. Sections were pretreated by proteolytic digestion for 5–15 min at 37ºC with 20 µg/ml proteinase K dissolved in PBS, followed by a 5-min rinse in 0.2% glycine/PBS and two rinses of 5 min in PBS. Sections were then re-fixed for 20 min in 4% formaldehyde/0.2% glutaraldehyde dissolved in PBS, and washed twice in PBS for 5 min. Sections were pre-hybridized in hybridization mix without probe for 1 hr at 70ºC. Hybridization mix is composed of 50% formamide, 5 x SSC, 1% block solution (Roche), 5 mM EDTA, 0.1% Tween-20, 0.1% Chaps (Sigma; St. Louis, MO), 0.1 mg/ml heparin (Becton-Dickinson; Mountain View, CA), and 1 mg/ml yeast total RNA (Roche). RNA probes complementary to the mRNAs for Scn5a, Cx43, cardiac troponin I (cTnI), and the homeodomain transcription factor Irx5 were labeled with digoxigenin-UTP and hybridized to the sections overnight at 70ºC at a concentration of 1 ng/µl. After hybridization sections were rinsed in 2 x SSC, pH 4.5, washed three times for 30 min at 65ºC in 50% formamide/2 x SSC, pH 4.5, followed by three 5-min. washes in PBST. Probe bound to the section was immunologically detected using sheep anti-digoxigenin Fab fragment covalently coupled to alkaline phosphatase and Nitro blue tetrazoliumchloride/ 5-Bromo-4-Chloro-3-Indolyl Phosphate (NBT/BCIP) 1:50 in NTMT (overnight at 4ºC) as chromogenic substrate, according to the manufacturer's protocol (Roche). After dehydrating the sections in a graded ethanol series, the slides were mounted with Entellan (Merck 7961).

Supplemental Figure 1: The polyclonal anti-Nav1.5 antibody (Alomone Laboratories, ASC-005) was raised against the peptide DRLPKSDSEDGPRALNQLSC, corresponding to residues 493-511 located in the I/II intracellular loop of mouse and rat Nav1.5. (A) Multiple sequence alignment of mouse sodium channel proteins within the region of the epitope against which the anti-Nav1.5 antibody was raised (epitope region denoted in black; regions of homology highlighted in grey). When compared to other murine sodium channel α-subunits, no relevant homology (maximal 9/19 residues identical) was observed; (B) Western blot analysis revealed a specific band for Nav1.5 at the approximate expected size of 250 kD in HEK293 cells transfected with SCN5A + β1, but not for HEK293 cells transfected with β1 alone; (C) Immunocytochemical analysis of HEK293 cells transfected with cDNA for SCN5A with GFP fused at the carboxyl end indicating a high degree of overlap (right panels) between the SCN5A protein detected by the anti-Nav1.5 antibody and the GFP signal (scale bar: 25 μm). 
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