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Effect of Denervation on the Giant Myofibrillar Proteins in Rat Skeletal
Muscle
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Skeletal muscle is a major peripheral tissue that accounts for approximately 40% of
the total body weight, and is also an intricate and efficient machine that contains
precise cytoskeletal networks. Striated myofibrils are composed of numerous basic
units, sarcomeres, and are responsible for muscle contraction. In addition to
myosin-based thick filaments and actin-based thin filaments, sarcomeres contain a
third filament system, which is formed by the elastic protein, titin (connectin). In
nature, titin is the largest protein (3000-4000 kDa) identified to date. A titin molecule
extends for one-half of the sarcomeric length and its N-terminus is embedded within
the Z-line and its C-terminus within the M-line. The principal function of titin is to
generate passive tension and maintain the sarcomere structure in striated muscles.
Nebulin, another giant myofibrillar protein (600-900 kDa), spans the length of actin
filaments and forms the fourth filament system in skeletal muscle. Nebulin acts as a
protein ruler to maintain the lattice arrays of thin filaments, and plays a role in signal
transduction and contractile regulation.

Currently, tremendous efforts are being devoted to understanding the physiopathology
of several skeletal muscle myopathies that result from changes in myofibrillar



proteins, highlighting their importance in muscle architecture and activity. Due to the
essential roles of titin and nebulin in regulating the structure and function of
sarcomeres, it has been suspected for some time that titin and nebulin may be
implicated in skeletal muscle disorders. However, the effect of denervation on the
changes of titin and nebulin is unclear. For this purpose, we cut the sciatic nerve to
elicit tibialis anterior (TA) muscle atrophy in an animal experimental model, and then
examined the changes in myofibrillar proteins of skeletal muscle, by especially
focusing on titin, nebulin, myosin heavy chain (MHC), and actin.

First, it is difficult to simultaneously analyze actin, MHC, titin, and nebulin on the
same minigel due to their broad range of molecular weights (from 42 to 4000 kDa).
We developed an improved minigel with an ambiguous interface to detect myofibrillar
proteins of skeletal muscle. By employing a plastic syringe instead of the commercial
gradient formers, we established a step gradient minigel with an ambiguous interface.
Coomassie brillant blue R-250 staining and immunoblotting revealed that the four
proteins were successfully separated and transferred for analysis. With this minigel
system, one can simply, easily, and reliably analyze myofibrillar proteins or other
protein mixtures with broad molecular masses.

Second, several studies have reported attenuation of passive tension and
disorganization of sarcomeres in atrophic muscles, but changes in titin after
denervation have not been investigated. We utilized the minigel we developed to
perform gel electrophoresis and immunofluorescent staining to examine titin’s
properties in innervated and denervated TA muscles of the rat. Our data indicated that
a greater loss of titin content occurs compared to MHC and actin following
denervation. Moreover, the ratios of titin/MHC and titin/actin significantly decreased
in denervated muscles. In addition, the ultrastructure of sarcomeres and changes in the
titin epitope near the Z-line were respectively examined by electron microscopy and
immunofluorescence. Morphological observations showed the disorganized
arrangement of myofilaments and translocation of the titin epitope in denervated
muscle. Taken together, our results provide significant evidence that titin is more
sensitive to degradation than MHC and actin after denervation. The titin decline
results in the loss of titin-based sarcomeric integrity in denervated muscle.

Finally, we investigated the effect of denervation on changes in nebulin content in
atrophic muscle of the hindlimb. Herein, we also used our homemade minigel to
quantify levels of nebulin, MHC, actin, and titin in innervated and denervated TA
muscles of the rat. Our preliminary results showed the nebulin of denervated muscle
gradually decreased in a time-dependent manner. Particularly after denervation for 28
and 56 days, the nebulin content in denervated muscles markedly decreased by 24.6%
and 40.2% in comparison with innervated muscle, respectively. The obvious loss in



the ratios of nebulin/MHC, nebulin/actin, and nebulin/titin suggested a greater drop in
nebulin compared to MHC, actin, and titin in atrophic muscle. We speculated that the
reduction in nebulin might affect sarcomeric plastisity to denervation-induced disuse
atrophy. However, elucidation of the detailed mechanism required further
investigation.

This dissertation provides significant evidence that titin and nebulin are more
sensitive to the effect of denervation than MHC and actin, and foster a better
understanding of the major roles of titin and nebulin in atrophic muscle. Moreover,
our data raise the intriguing possibility that retarding the declines in titin and nebulin
can be considered as options for therapeutic interventions in skeletal muscle atrophy.



