
Whole-mount diaphragm staining 
 
1.  Pin a dissected, stretched diaphragm muscle in a Sylgard-coated dish and fix in 1% -4% 
formaldehyde in 0.1 M sodium phosphate, pH 7.3 at 4oC for several hr.  (time of fixation and 
concentration of fixative can be modified, depending upon antibodies; higher concentrations of 
fixative increase fixation-induced autofluorescence). Stretch the muscle while pinning so that 
the muscle is flat; stretching also increases the space between muscle fibers, providing better 
access of the antibodies to deeper areas of the muscle. Be careful when removing the spinal cord 
to avoid damaging muscle fibers near the thinnest area of the muscle, adjacent to the spinal 
cord. 
 
2.  Rinse briefly in PBS, wash twice for 10 min in PBS, and block free aldehydes by washing for 
15 min in 0.1 M glycine, pH 7.3 or 150 mM NH4Cl, 1 0mM phosphate, pH 7.3. 
 
3.  Construct a vaseline chamber around individual muscles (to minimize the volume of 
antibodies used in subsequent steps).  Wash for 5 min in PBS.  Check to insure that the vaseline 
chamber does not leak; repair, if necessary. 
 
4.  Permeabilize and block for 1 hr in 0.5% Triton X-100 in PBS (PBT), containing 2% BSA and 
4% normal goat serum (NGS, assuming that primary antibody is not a goat antibody). 
 
5.  At this point, it is essential that the overlying connective is dissected away to allow adequate 
access of antibodies into the muscle.  The connective tissue does not present a problem prior to 
E16. 
 
 6.  Incubate overnight at 4oC with primary antibodies diluted in PBT, containing 2% BSA and 
4% NGS (centrifuge diluted antibodies in microfuge at 4oC for 1-2 min prior to incubation with 
muscle and avoid potential pellet).  It is ESSENTIAL to force (by pipetting) the antibody 
solution into the muscle to provide good access of the antibody into the tissue; this can require 
15 min/muscle, depending upon muscle thickness. You can use a short glass pasteur pipette 
(best option) or a 1 ml eppendorf pipette with the tip cut (requires more effort to force the fluid 
into the tissue); you should do this under the dissecting microscope so that you can observe the 
tip, which is just above the tissue, and make sure that the tip doesn’t touch the muscle; watch to 
make sure that the muscle is deformed when forcing fluid into the muscle. 
 
7.  Rinse in PBT, and wash three times for 1 hr in PBT. For the first 5 min of each wash, force 
pipette PBT into the tissue, as described in (6). 
 
8.  Incubate with fluorochrome-conjugated secondary antibodies and Texas Red-conjugated α-
bungarotoxin in PBT, containing 2% BSA and 4% NGS, overnight at 4oC (centrifuge diluted 



antibody plus toxin in microfuge at 4oC for 1-2 min prior to incubation with muscle and avoid 
potential pellet). As described above (point 6), it is ESSENTIAL to force (by pipetting) the 
secondary antibody solution into the muscle to provide good access of the antibody into the 
tissue; this can require 15 min/muscle, depending upon muscle thickness. 
 
9. Rinse in PBT, wash three times for 1 hr with PBT (see point 7), wash once for 5 min in PBS, 
post-fix for 10 min in 1% formaldehyde, fix further in 100% methanol at -20oC.  Cut the muscle 
near the insertion sites with a fragment from a razor blade, and mount the muscle on a 
microscope slide under a coverslip in Vectashield (Vector Labs). 
 
Antibodies: store aliquoted antibodies at -20oC; once thawed, either use or store at 4oC with 
0.02% sodium azide. Do not re-freeze. 
 
 α-bungarotoxin: store lyophilized or at -20oC; once thawed, store at 4oC with 0.02% 
sodium azide indefinetly. Do not re-freeze. 
 
 


