All about the adult long-tailed
knifefish S. macrurus

Graciela A. Unguez and Chiann-Ling C. Yeh from New Mexico State University explain
that sarcomere disassembly is a naturally occurring event during tail regeneration in
the adult long-tailed knifefish S. macrurus

erhaps the most characteristic

feature of skeletal muscle

invertebrates is its regular pat-
tern of striations, comprised of many
hundreds of identical repeated units
called sarcomeres’. How so many
proteins come together so eloquently
to form each of these highly organ-
ised myofibrillar structures presentin
vastly different muscles in very differ-
ent animal phyla remains a central
question in muscle biology. Many
(>100) of the protein components that
make up a sarcomere invertebrate
have been identified? and the spatial
distribution of these proteins within
the sarcomeric unit has been well
characterised?.

Sarcomere proteins are compartmen-
talised into functional regions that
include the Z-disk, which flanks the
sarcomere and anchors thin filament
proteins (such as actin) in the I-band.
Thin filaments interact with the thick
filament proteins (such as the myosin
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heavy chain, MHC) of the A-band and
these myosin structures are crosslinked
with the proteins of the M-line (such as
myomesin) 3,

How these proteins are localised in
different regions of the sarcomere
and which proteins are necessary for
sarcomere integrity are topics of
intense investigation with several
groups formulating different models
by which the spatial and temporal
sequence of sarcomere assembly
takes place3*. Although these models
diverge in how sarcomeres are
formed, they all propose that sarcom-
ere assembly is a well-ordered step-
wise process.

In contrast to the efforts on under-
standing sarcomere formation, rela-
tively few studies have characterised
the sarcomere disassembly process -
a process that occurs under atrophy
conditions and muscle loss following
trauma or degenerative disorders

such as sarcopenia, muscular dystro-
phy, or amyotrophic lateral sclerosis®.
These studies have largely been
under conditions of induced changes
in specific sarcomere gene expression
using genetic animal models’°

Whether sarcomere structures get
dismantled in a temporal sequence
that is in the exact reverse order of
that followed in their assembly
remains unknown. Remarkably, sar-
comere disassembly occurs in the
gymnotiform Sternopygus macrurus
as part of the process by which some
muscle cells convert into electrocytes,
i.e., the non-contractile electrogenic
cells of the electric organ, during tail
regeneration'. After tail amputation,
myogenic precursors in the regenera-
tion blastema give rise to multinucle-
ated muscle cells and some of these
myotubes proceed to fuse, disassem-
ble sarcomeres and downregulate
many sarcomeric proteins to form
electrocytes'.

Figure 1. A) Proximal region: Thick filaments are no longer visible; I-Z-1 brushes detected; thin filaments disperse throughout the electrocyte
(arrow). B) Middle region: M-band is no longer visible at the midpoint of sarcomere (arrow). Thick filaments begin to disappear, and thin filaments
appear misaligned. C) Distal region: Many myofibrils are detected. Z-disks begin to pull apart in early electrocytes (arrows)
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Figure 2. Portions of regenerating electrocytes (EC) following fusion of myofibrils (mm) and
during the disassembly of sarcomeric structures. A: alpha-actinin in Z-disks. B: tropomyosin

in I-bands. C: MHC in A-bands

Using a combination of ultrastructural
and immunolabeling approaches, we
have begun to analyse changes in
sarcomere structures and sarcomeric
protein expression at different stages
of the muscle cell-to-electrocyte
conversion within each regeneration
blastema two weeks after tail ampu-
tation (Fig. 1). These data confirm the
proximal-to-distal cell differentiation
gradient where regenerating electro-
cytes most proximal to the tail ampu-
tation site are more differentiated (i.e.,
less sarcomeric structures) than those
regenerating electrocytes most distal
(more striations) to the amputation
site (Fig. 1). Moreover, the breakdown
of sarcomeres during the formation of
electrocytes was found to occur in a
step-wise manner.

This temporal sequence of sarcomere
disassembly correlated with the
changes detected in protein expres-
sion obtained with immunolabeling
(Fig. 2). First, Z-disks misaligned to form
smaller striated myofibrils (Fig. 1C and
2A) followed by the disappearance of
the M-line (Fig 2B). The A-bands with
MHC were removed (Fig. 1B and 2C)
causing sarcomeres to break into I1ZI
components (Fig. 1A). These I-bands
(Fig. 1A and 2B) then dispersed
throughout the electrocyte and some
remained visible in adult electrocytes.

These data suggest a disassembly of
sarcomeres that closely follows the
reverse order of the model for sar-
comere formation proposed by Spar-
row and Schock®. Although it remains
premature to conclude the character-
isation of the molecular and cellular
processes that underlie the striking
phenotypic conversion of muscle cells
into the highly specialised electro-
cytes, this work clearly extends the
application of S. macrurus to studies
relevant to sarcomere stability and
homeostasis.
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