Three-dimensional analysis of the tubular networks in mammalian and amphibian skeletal
muscle fibres
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The skeletal muscle tubular (t-) system is a seriesvafjinations of the surface sarcolemma and forms a
dense netark of tubules throughout the interior of the fibre. Its primary functions are to maintain excitability of
the muscle and to carry the action potentials deep into the fibre to effect rapid release of calcium from the
intracellular stores, which permits forceful and synchronous contraction by the myofibrils. Furthermore, t-
tubules also mediate the m@ment of ions and biomolecules in and out of the t-system, wiigrelift elements
of the t-system consisting of different sizecleisions to solutes within their lumina (Edwards & Lawmils,

2008). The architecture of the t-system has beeensvely studied using electron and fluorescence
microscopies, although a complete three-dimensional analysis of its cweitpeethd a statistical
characterization of t-tube diameters is currently lacking. The re-sealing of the tubular mouthsvifgio
mechanical skinning pwides an ideal assay to trap fluorescent probes within the t-system and high-contrast
imaging of the complete connectivity of this network. This technique of dye-trappisgembined with high-
resolution 3D confocal fluorescence imaging andwelnmage analysis protocol to produce 3D reconstructions

of the tubular network within large areas of living fibres fromesé¢nsor digitorum longu¢EDL) and toad
iliofibularis . Fluorescence intensity along detected t-tubular connections were calibrated to estimate local
tubular diameter by adapting an image analysis previously demonstrated by Soeller & Cannell (1999).

Six-week old male \igtar rats and adult cane toads were euthanized according to the guidehmgsdpro
by the Animal Ethics Committee of the Waisity of Queensland. Rats were killed by asphyxiation with.CO
Toads were stunned by a bldo the back of the head and double-pithed. The EDL muscles anduilasfgh
muscles were dissected from the respecfpecies and pinned out within liquid paraffin. Small bundles of fibres
from the muscle were isolated anxpesed extracellularly to 5 mM Fluo-5N pentopotassium salt or 2 mM
fixable detran-linked Alexa680 in Na-based ydiological Ringer solution. Individual fibres were then
mechanically skinned, trapping the penetrated dye within the sealed tubular systems. Skinned fibres were
transferred into a standard K-based internal solution containing 100 nM free calcium and pinned out in a
microscope chamber with a No. 1.5 glassecslip at the bottom. Confocal z-stacks of samples containing
Fluo5N dye were obtained using aweried Olympus FV1000 confocal microscope with a 488 nigoAsion
laser excitation and a 8Mil-immersion 1.35M Olympus objectie. Image stacks were deecmived using an
iteratve Rchardson-Lug maximum-likelihood decowolution algorithm implemented in IDL. Imagehmes
were then subject to 3D skeletonization to trace the connectivity of thellésubnd the local diameters
determined using the calibration protocol used by Soeller & Cannell (1999). Direct stochastic optical
reconstruction microscgp[dSTORM) was used for supeesolution imaging of the tubular network within the
sub-sarcolemmal region of fibres with fixableian-Alexa680 loaded into the t-system. Fibres werediwith
4% paraformaldejde and mounted in a medium containing 90% Glycerol and S3amddrcaptoetylamine in
phosphate Wffered saline. Samples were imaged on a modifiedNIKE2000 imerted TIRF microscope with a
671 nm solid-state laser excitation, a Nikonx6D.49NA Nikon TIRF objectie and a cooled electron-
multiplying CCD camera. Image frames were acquired at amratten time of 50 ms and the single
fluorophore gents were detected and final images were rendered using custom-written programs implemented
in Python.

The local diameters estimated based on confocal data of rat and toad fibres ranged from "40 to 150 nm
with [B% and[b% of the tubules found extending longitudinaRegons of densely arranged longitudinal
tubules were observed deep within toad fibres. A dense meshubésulias observed fully encasing the central
nuclei in toad fibres and lining the cytoplasmécd of the peripheral nuclei in rat fibres. This close special
association may support their putatiole in IP3-receptor-mediated nuclear signalling suggested recently by
Escobaret al. (2011). W have also observed a denseawimensional network (the subsarcolemmaluiab
network; SSTN) that appeared continuous with the more transversely-ordered t-syst@RM 8iages of this
network in both skinned and non-skinned fibrewéhaevealed a compbe network of tubules with a mean
diameter of 1150 nm.
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