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Summary

In skeletal muscle, excitatiezontraction (EC) coupling describes a cascade of cellular events
initiated by an action potential (AP) at the surface membrane which ultimately results in muscle
contraction. Being able to specifically manipulate the many processes that co&s@tuteupling as

well asthe many factors that modulate these processes has proved challenging. One of the simplest
methods of gaining access to the intracellular environment of the muscle fibre is to physically remove
(mechanically skin) the surface membrane. In doing so theplasymic environment is opened to
external manipulation. Surprisingly, even though the surface membrane is absent, it is still possible to
activate both twitch and tetanic force responses in a mecharskailyed muscle fibre by generating

an AP in thetransverse tubular system. This proves that all the key sté&p€inoupling are retained

in this preparation. By using this technique, it is now possible to easily manipulate the myoplasmic
environment and observe how altering individual factors affistsnormalE-C coupling sequence.

The effect of important factors, such as the redox state of the cell, parvalbumin, and the sarcoplasmic
reticulum C&'-ATPase, on twitch and tetanic force can now be specifically investigated independent
of other factors.

1. Overview of excitation-contraction coupling in skeletal muscle

Given the extensive literature orGEcoupling in skeletal muscle, a detailed examination of each
step in the process is beyond the scope of this article. Instead, recent reviesitedarghere
appropriate and only a brief account e€CEcoupling is given here to help the reader appreciate certain
points raised later in this review. In this article, | will give examples of the recent use and possible
future contributions of mechanibaskinned fibre technique towards the understanding certain parts
of the E-C coupling cascade, namely: a) the spread of excitation within the transverse tupular (t
syst+em; b) the mechanisms of communication between the vskagers in thé-systemand tge
Ca release channels of the terminal cisternae of the sarcoplasmic reticulum (SR); arfd c) Ca
handling by the SR.

In skeletal muscle, the AP at the surface membrane rapidly spreads down irggdieent of the
muscle fibre where the associatéépolarization is sensed by the voltagmsors (dihydropyridine
receptors- DHPRs;Jr(Schneider,1994 Melzer et+al., 1995. The DHPRs of skeletal muscle are
modified L-2t pe Ca channels in which the &4 channel function is virtually redundant because
entry of Ca into the cell is not nexssary to initiate contractiofiRios & Pizzaro,1991, Dulhunty,

1992 Melzer et al., 1995. The DHPR consists of five subunits, with the subunit playing the
primary role inE-C coupling. Thex; of the DHPR is composed of four repeatd\)l, each with six
hydrophobic intramembranous segmentsg@l Thefourth segment (s4) of each repeat contains a
series of positive charges which are thought to be the vetemstive elements that underlie the
voltagedependent asymmetric charge movement observed originally by Schneider & CliEidiBer
Connecting each rept are hydrophilic peptide loops, with the myoplasmic loop joining repeats Il and
lll being essential for signal transmission to the SR in vertebrate skeletal rfiteaddeet al., 1990)
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The DHPRs cdocalize in arrangements of four, termed tetréleck et al., 1988) and are located
immedately adjacent to alternate Taelease channels (ryanodine receptdrRYRs) in the adjacent
SR. Activation of the DHPRs subsequently leads to the azgtivation of the RYRs by a mechanism that is
not fully understood. The RYRs are large homotetrameric €gannels which tightly bind the plant
alkaloid ryanodine. The RYRs specific to skeletal muscle are termed RYR1 and are arranged in
closely packed arrayis vivo (Block et al., 1988) In mammalian muscle, every RYR1 appears to be
functionally identical at the biochemicétvel (Ogawa, 1994) although the properties of DHPR
coupled versus DHPR uncoupled RYRmsvivo may differ. In amphibian muscle, the RYR1s are
composed of two isoforms, andf3, of which the properties of tHeisoform may or may not be differ
from amphibiana and mamalian RYR1(Ogawa, 1994FranzintArmstrong& Protasi, 1997 Ogawa
et al., 1999) A distinct feature of the various RYR1s of both amphibian and mammalian skeletal

. T .. . . 2+
muscle is the strong inhibitign of channel activity by physiological levels of© Mgl mM),
millimolar concentrations of 65, and the ability of ATP to shulate channel activity even in the
absence of G4 (Lamb, 2000). These features are essential for the type-6f coupling observed in
skeletal muscle as opposed to cardiac and smooth muscle cells.

Precisely how the DHPR and the RYRL1 interact has not beenigstahlalthough a direct
interaction between these two channels is thought to ¢btizeret al.,1995;Meissner& Lu, 1995
FranzintArmstrong& Protasj 1997). Activation of the RYR allows 3 stored in the SR to enter the
myoplasm wherezit binds to the contractile apparatus to initiate force prod(Mtdzeret al., 1995.

The release of€a _is tightly controlled by the DHPR®Iios & Pizzaro,1991 Melzeret al., 1999.

The cessation of Carelease upon deactivation of the DHPRs leads to relaxation of force as the ca
initially released is resequestered back into the SR through the activity of thé SRTEases and in
fasttwitch fibres, relaxation may be aided by the binding o "Ga parvalbumir(Rall, 1996)

2. Techniquesfor investigating E-C coupling in skeletal muscle

Many techniques have been used in the study©Gfcoupling and all have both advantages and
disadvantagedi/hole intact cell preparations have the advantage that they retain normal physiological
function. However, the usefulness of these preparations is to some extent limited by difficulties in
controlling and measuring intracellular processes. One way atbismgroblem is to use molecular
biology techniques, such as the knockout of a specific gene. In this way the influence of a specific
protein can be removed and the effect of this studied in the intact system. However, given the complex
interaction betwen many cellular constituents, the removal of a specific component may cause some
unintentional change in the function of other components. In contrast, the biochemical approach
involves the study of key components in well controlled artificial envirospesuch as the isolation
of a single channel in an artificial lipid bilayer. In this way the basic function of a particular
component can be determined in isolation, although the effect of complex interactions with other
cellular components that maymaally occurin vivois lost. Bridging the gap between intact fibre and
biochemical techniques are the skinned muscle fibre preparations. The key advantage of these
preparations is that the myoplasmic environment can be easily manipulated whilstim stentaed
fibre preparations (see below), all the essential elements iB-@eoupling cascade also remains
intact.

3. Typesof skinned fibre preparations

There are a two main ways to permeablise a skeletal muscle “fibcbemically and
mechanically However, these differ in the consequences they have on the various structures of the
muscle fibre.
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Figure 1. Intact and mechanically-skinned portion or a skeletal muscle fibre. Shematic diagram
showing the skinning of a single skeletal muscle fibre by rolling back the surface membrane
(sarcolemma S) with a pair of forceps (F), forming a 'cuff'. The transverse tubular system (T) seals
off to form a closed compartment after skiign SR, sarcoplasmic reticulum; ZJide; C, contractile
apparatus. (Modified from Posterino et,&000)

a) Chemical skinning

This involves the use of a number of chemical reagents that permeablise the various membranes
of the fibore— some are more selive than others. Commonly used reagents are sap®®scin,
glycerol and tritonX 100. The more selective permeablising agents (e.g. saponiffi-escin) are
thought to act primarily on the surface membranes (sarcolemmajtaimgles by binding chekterol
which is largely absent from the SR. However, this selectivity is not as precise as first thought and
significant effects on the SR have been obseflzadnikonis& Stephenson]997 1999) Other non
specific reagents (such as trit¥n100 and glycerol) destroy all the membrasteictures and leave
only the contractile machinery intact. The type of permeablising reagent that is most appropriate
depends on the particular cellular process the investigator wishes to examine. For examination of the
properties of the contractile aguatus, it is often best to remove all membrane structures to ensure that
they do not interfere with the measurements. For example, the presence of a functional SR can greatly
affect the C&"_gradients within the fibre and this may significantly affeetﬁbrce[Ca2+] relationship
unle+ss the [Cza] was buffered very strongly. If on the other hand the purpose is to investigate the
Ca -handling properties of the SR, one needs to use the more selective reagents that leave the SR
intact and functional andthis may not be possible with even the more selective reagentgafised
Launikonis & Stephenson1997 1999. Thus, to avoid any undesired effects of permeablising
reagents it is perhaps best to use mechaniskihned fibres.

b) Mechanicaiskinning

The mechanicalkgkinned fibe technique (originally termed Natdyipe fibres) was first
developed by Natori in 1954.He showed that it was possible to gain access to intracellular
environment by physically rolling back the surface membrane of a single muscle fibre with a pair of
fine needles under paraffin oil (see Fig. 1.). Unlike chemisdigned fibres, in which the surface
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membranet-system and SR are perforated by various chemical agents, in mechaskicalld fibres
thet-system seals off to form an intact, fully fuloctal compartment (see later). The SR also remains
intact and fully functional. There are other variations of this technique, such as splitting the fibre,
however, the-system in this preparation does not seal off which limits its experimental amplicati
The functional integrity of mechanicalgkinned fibres is one of the key advantages of this preparation
and this can be seen by its use in the examination of many aspedtsafupling.

Examination of the contractile apparatu®ne of the earli¢sises of mechanicallskinned fibres was

in the study of the various properties of the contractile apparatus in which a number of models derived
from earlier biochemical studies could be tested in a more physiological prepdoiaonet al.,

2000) These fibres were @fh also treated with membrane permeablising reagents, such as {riton X
1002,+and are thus better termed chemiesitiyned fibres. Nevertheless, the specific role o%+Ca

Mg~ , ATP and other compounds in the regulating contraction has been studiedivektehy
exposing the myofilaments of both mechanicakynned and chemicalgkinned fibres to various
buffered solutiongStephensorl 981 Gordonet al.,2000) Mechanicallyskinned fibres are useful in
understanding the properties of the contractile apparatus as it has been shote tin&rinsic
contractile properties of intact fibres can be observed in mechars&atlyed fibres provided that the
buffering of variqus factors in solution is firmly controll@doisescu,1976. More recently, a study
comparing the 4-activation properties .@. the Ca+-sensitivity and Hill coefficient) of both intact

and mechanicalkgkinned fibres further demonstrate that contractile function remains unchanged
following skinning(Konishi & Watanabe1998.

Examination of SR propertiesBiochemical assays have provided enormous ihsigb the function

of the SR and its key molecules. However, during preparation of these assays, the structure of the SR
and associated proteins may be compromised and no longer representative of theivistate

Furthermore, the normal constraintsdarelationships between RYR1s and other key molecules
presentn vivo are typically los{Faverg 1999) The importance of such constraints and relationships
between molecules for their normal function is becoming clearer. As mentioned earlier, RYR1s are
arranged ina closely packed arrayn vivo and it has been shown recently that RYRs will
spontaneously form these arrangements in sol{on& Lai, 2000) Furthermore, RYRSs in bilayers

have been observed to open and close in synchrony (termed coupledMatigt al.,1998. This
phenomena gigested that there is physical cooperativity between such channels and this could well be
important for normal a release. There is also a close association between RYR1 and DHP
receptors of the-system(Block et al., 1988) and recent studies have suggested that RYRDicah

DHP receptorsn vitro (Murray & Ohlendiek,1997. The close proximity of the DHP receptors and
RYR1 appears to directly influence their individual functiNakaiet al.,1996) Associated proteins

of the RYR1, such as FKBE2, also help to link and control neighbouring chaniélarx et al.,

1998) whilst oher associated molecules, such as calmodulin and calsequestrin, appear to regulate
channel activity at an individual levéFranzini-Armstrong& Protasi,1997). Mechanicallyskinned

fibres retain these relationships and structural constraints and are thus ideal for the examination of the
adivity of the RYR1 and the C4-ATPase in their native state. The endogenouzér Gentent of the

SR, which is reported to regulate the activity of the RY&ilsapesai& Williams, 1997, can also be
assayed and controlled in this preparation. By using a_number of RYR agonistgtaguhists, such

as caffeine and ryanodine, as well as antagonists of t eAd#®ase, such as 2dh(tert-butyl)-1,4-
benzohydroquinone (TBQ), the properties of the SR and related molecules can be examined (see later).

Examination of voltagelependent CA release: Considering the apparent importance of maintaining

normal structural integrity, how do we really know that mechaniskiigned fibres accurately
describe events that occimr vivo given that the surface membrane is removed in this prepaation
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One of the most important features of mechaniestipned fibres is that activation of Carelease

from the SR can be elicited by activation of the voltagesors (DHP receptors) present in the
system just as it is in an intact fibre. That is, mleemal E-C coupling mechanism is retained in this
preparation. What is the evidence for this? The first indication came from experiments conducted by
Natori in the fifties. He showed that small contractlons could be elicited in mechasidaled

fibres when large electrical stimuli (>110 V chwere applied via electrodes to fibres under oll
(Natori, 1954)(see later section). Later, &antin & Podolsky(1967) showed that both electrical
stimulation and raising the [Cin the myoplasm of mechanicaigkinned filses produced contraction.

At the time, not much was known about the mechanism@fdéupling and these authors could only
conclude that such contractions arose from depolarisation of some internal membrane compartment in
the skinned fibre and favouredetidea that it involved both thesystem and SR. However, from this
point in time electrical stimulation of skeletal muscle was not pursued further. Instead, the focus was
directed towards the mechanism of-dduced activation of mechanicakinnedfibres. This led to

the discovery that theslystem sealed off after skinning to form a separate compartment (see Fig 1). It
was subsequently shown that by forming a separate compartment that is isolated from the myoplasmic
environment of the fibre (as$ is normally in an intact fibre), thiesystem of a mechanicalskinned

fibre could be polarlzed if the flbre was bathed |n a solution that mimics the normal méloplgsm (e
high [K 1 szome N3, 8 mmol ™ ATP, 10 mmoll™ creatine phosphate, 1 mmio free Mg , 0.1

umol 1™ , pH 7.2 (Donaldson 1985 Stephenson] 985 Fill & Best,1988 Lamb & Stephenson

1990. Repolarlzatlon of the sealed;ystem was possible due to the presence of functionakia
pumps that reestablish the normal NG’ gradient(Donaldson,1985 Stephenson] 985 Fill & Best,

1988 Lamb & Stephenson199() Some control of thegystem potential was then possible byl
changing the [K] bathlng the fibrgFill & Best,1988 Lamb & Stephenson199Q Posterino& Lamb,

19983. If all the K* in the bathing solution was rapidly removed, it was possuble to depolarite the
system. The<” ion was often replaced with N,aalthough in some instances, tKé was replaced

with choline chbride, in which the simultaneous increase in the [@llped to further depolarize the t
system (Lamb & Stephenson,1990. Such depolarization led to the activation of force in
mechanicallyskinned fibres which was subsequently shown to involve the activation of both the
DHPRsin the t-system and the RYR1s of the SR because such responses were: a) inhibited by
antagonists of DHP receptors, such as nifedipine and veraffamsilerino & Lamb, 19984;amb &
Stephenson, 1990and b) completely blocked by ryanodine and ruthenium red, specific antagonists of
RYRs (Lamb & Stephenson, 1990 The transiet force responses observed following depolarlzatlon

of the t-system in this manner last a few seconds and are graded by the myoplaﬂmld'lﬂése

results confirm that mechanicakkinned fibres retain functional® coupling and it is clear that such
force responses are analogous tacKntractures generated in intact fibres (i.e. when extraceIIuTar [K

is increased). These results also showed that the essential elements involedaoding must be

very robust as they are retained following medteatskinning and after the normal myoplasmic
constituents are replaced with a minimal physiological sol{tiamb, 2000)

Nevertheless, despite many useful properties mentioned above, the mechsakica#yg fibre
technique does have several limitations. @nehat thet-system membrane potential can not be
directly measured and importantly, can not be accurately controlled. A second, and perhaps the most
important, is the slow depolarization of theystem associated with diffusion of the bathing solution
into the fibre. This prevents the study of rapid vokdgpendent 3 release from the SR.
Depolarizationinduced force responses elicited by solution substitution occur with a rise time of some
500 ms, with the whole response lasting sdhﬁas Consegently, force responses elicited in this
manner may not be as sensitive to changes i @tease as a more rapid physiological response seen
during a single twitch or a tetanus.
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Figure 2. Twitch and tetanic (50 Hz) force responses elicited byyampb0 V cni field stimulation

(2 ms duration) to a segment of a mechanieskiyined EDL muscle fibre of the rat bathed in a
solution mimicking the normal myoplasmic environment (ie. hlglj [Bee Section 3). The applied
stimulus is simultaneous rec®&d below each force response. MaX|mum+€$a:tlvated force (max)
was elicited in the same fibre using a heavily bufferedEGd A solution and is indicated by the solid
bar above the tetanic force response.

4. Electrical stimulation of mechanically-skinned fibres

As mentioned ader, electrical stimulation of mechanicakkinned fibres has not been-re
examined for some 25 years since the last experiments performed by Costantin. At the time large
electrical stimuli were required to elicit relatively weak force responses.reBsen for this may be
due to the fact that mechanicafiiginned fibres were stimulated under oil which left theabules in a
poorly polarised state. Furthermore, fibres were typically stimulated with a longitudinal electric field
and with very large vethdges that may have damaged the fibre. Recently, Posterino (20@0)
revisited the idea of electricalstimulating mechanicaltgkinned fibres, modifying both the solutions
used to bath mechanicakkinned fibres and the orientation of the electric fielhin platinum wire
electrodes were positioned parallel with the long axis of the muscle fibre at a distance of 4 mm apart
and along the whole length such that a uniform stimulus was applied. Fibres were bathed in a
physiological solution that mimics éhnormal myoplasmic environment ensuring that tthebules
were well polarizedPosterino& Lamb, 1998a Lamb, 2000) A brief 2 ms, 2025 V stimulus was
applied giving a field strength of 880 V cm™. In this manner, Posterino et €2000) were able to
elicit reproducible twitch and tetaniforce responses in mechanicakinned fibres (see Fig 2).
Precise positioning of the fibre between the electrodes was not necessary and twitch and tetanic force
could be elicited in both mammalian fasitch fibres (Pcsterinoet al., 2000) or amphibian twitch
fibres (unpubshed data).

Twitch or tetanic force responses in mechaniesiyined fibres are initiated by the generation
of APs in the sealedttubules and by the activation of voltadependent processes that underlie
normal E-C coupling(Posterincet al.,2000Q. Thus, even the firsdtep inE-C coupling is retained in
mechanicallyskinned fibres- the ability to generate an AP. The evidence for this is threefold. Firstly,
it was noted that the twitch response in fibres was steeply dependent on the applied voltage and
exhibited a sarp threshold in which the transition between zero force and 70% of maximum twitch
size required only a 10% increase in the applied electric field. Secondly, chronic depolarisation of the
t-system prevented any twitch or tetanic response from beingedélibit field stimulation. This is
consistent with the inactivation of voltagependent processes that underlie both the AP and
activation of the voltagsensors of the-system. And thirdly, the presence of g0 TTX in the
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sealedt-tubules strongly inlited such responses proving that activation of Maannels (and the
generation of an AP) in thesyystem is essential in triggering further steps in the cascade.

The characteristics of both twitch and tetanic force responses elicited in mechaskioakd
fibres closely resemble the responses observed in intact {(fmg= & Neering,1988 Schwalleret
al., 1999) The peak amplitude of the twitch response infiagth mammalian and twitch amphibian
muscle is between 30% and 60% of maximum &ativated force. Tetani (50 Hz) elicits ferc
responses between -800% of maximum CA-activated force. The twitetetanus ratio in
mammalian fastwitch skinned fibres ranges between 0.40 and 0.60 which is larger than that observed
in intact fibres (~0.30)Schwalleret al., 1999) The larger twitcHetanus ratio andhe ability to
achieve near maximal force during a tetanus, is possibly due at least in part to the loss of parvalbumin
in mechanicallyskinned fibre preparatior{(Stephensoet al., 1999)

The clear functional similarities between intact and mechaniskihned fibres highligt the
potential of the mechanicalgkinned fibre technique in the study of skeletal muscle physiology.
Nevertheless, there are a few differences in the responses observed between meeiamneadly
fibres and intact fibres. One such difference is tetnic force in fastwitch mechanicallskinned
fibres declines much more rapidly during high frequency stimuli than in intact fibres, with force fading
after ~200 ms of stimulation (termed fade; see Fig. 2). The cause of this phenomenon is not certai
Posterino et al(2000) attributed this to a gradual build up if in the sealed-system with repeated
APs leading to depolarization; this would not normally occur in an intact fibre whetesyiseem is
open to the extracellular environment. Howewee have recently observed that this phenomena
appears to be related to the fibre length, as fade was largely eliminated in fibres that were stretched
from between 120% to 140% of their resting length (unpublished results). This is currently being
further examined. Another difference between mechanieskipned fibres and intact fibres is that the
absence of a surface membrane means the intracellufarcGatent of the fibre can vary from the
endogenous level. The comparatively large volume of solutitimingathe mechanicalgkinned fibre
means that a substantial amount of Gzan be gained from (or lost to) the bulk solution. In order to
maintain the normal endogenous level of S “Choth over time and with repeated responses, it is
necessary ensurthat the free [Czé'] of the bathing solution is buffered to the normal resting
myoplasmic concentration (pCa 7.0). This limits the amount 6t ©ading. It is noteworthy that
little variability is observed between successive twitch responses in nadhyaskinned fibres which
suggests that the SR Cacontent remains relatively stable under the conditions used. However, a
more precise determination of changes in the S ’ Cantent during repeated stimulation is still
needed as well as a better wdyclamping the SR &4 content.

5. Recent contributions and future directions

The ability to electrically stimulate mechanicadlyinned fibres helps bridge the gap between
biochemical and whole cell studies. Some recent findings illustrate thetcamcefuture potential of
this technique towards the understanding-& Eoupling in skeletal muscle.

a) Mechanisms and pathways involved in the initial spread of excitation

The first step in EC coupling involves the initiation and spread of Afethroughout the muscle
fibre. It is generally accepted that the spread of excitation intd-glistem in amphibian skeletal
muscle involves an ARCostantin, 1970Bezanillaet al., 1972; Nakajima & Gilal, 1980. In
mammalian skeletal muscle, it was not known if the spread was either passive or activeh athoug
was assumed to involve an AP. As indicated earlier, the ability to generate an AP in mechanically
skinned fibres by electrical stimulation now provides direct evidence that excitation also spreads down
the t-tubules via an active process in mammahauscle(Posterincet al., 2000) This observation is
unambiguous as there is no surface membrane present. Furthermore, it is apparent that other
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characteristics of the AP in thesystem can also be determined using this preparation. By using the
twitch response as an inditaneasure of the AP, it is possible to estimate the relative refractory period
of the AP. If two single stimuli are elicited in close succession (less than 6 ms) no summation of the
twitch force response was observed. However, if the second stim@pplied 6 ms (or later) after
the first, the twitch response is potentiated. This indicates that the refractory period of the AP is at
mos+t 6 ms long (unpublished data). Refinement of this measure could be achieved by examining the
Ca  transient rathethan force.

Experiments with electricaltlgtimulated mechanicalgkinned fibres have also revealed the role
of a previously identified structure in skeletal muscle. The observation that contractions (either
spontaneous or elicited electrically) have thbility to propagate over hundreds of sarcomeres in
mechanicallyskinned fibres revealed a mechanism that allows excitation to spread throughout a
skeletal muscle fibre independent of the surface membfdatori, 1954;Caostantin & Podolsky,
1967 Posterincet al., 2000) It was found that an AP(s) could prgp&e along the entire length of
skinned fibre segment (without the presence of a surface membrane) and could cause relatively
synchronous act{vation of a large proportion of the fibre (>70%) travelling with an estimated velocity
of some 13 mm S(Posterincet al.,200). It was suggested that the structure involved in the spread of
the AP must be the longitudinal tubular system (LTS) which has been observed with electron
microscopy (EM) (FranzintArmstrong & Jorgenson,1988 Stephenson& Lamb, 1992 and by
confocal imaging of mechanicalgkinned fibres in which a fluophore was trappedhe t-system
(Peachey, L.D., 1965)These findings in mechanicakkinned fibres revealed a fundamental property
that is likely to be important in the spread of the AP throughout a fibre, in fatigue and during
myogenesis.

. oL 2+
b) Internal transmission of excitation and tah of Ca  release

Data obtained from mechanicakinned fibres in which functiond-C coupling is retained
have also provided strong evidence for and against a number of ideas regarding the mechanism by
which the DHPRs and the RYR1s communicdteis clear from some experiments in mechanieally
skinned fibres that the link between these two channels does not involve a dlffu3|ble second messenger
such as inositol 1,4;BisphosphatéWalkeret al.,1987; Posterinet al., 1998b)or cg (Endo 1985;
Meissneret al., 1986; Lamb & Stephenson, 1B®wenet al.,1997;Lamb & Laver,1998) The link
was also previously thought to invelthe transient formation of disulphide bonds between the DHPRs
and the RYRgSahmaet al., 1992) However, recent experiments in mechanieakiynned fibres
have showed that strong sulphydryl reducing reagents do not interfere with n&r@al
couplingPosterino & Lamb, 1996) Nevertheless, verus sulphydryl oxidants have been shown to
modulate the RYR1 functio(Dulhunty et al., 1996)indicating that the cellular redox state may effect
E-C coupling in a more complex manner that is dependent on the precise ratio of endogenous redox
reagents (ie. ratio of glutathiorte reduced glutathione) both within the myoplasm and the lumen of
the SRFenget al., 2000) Here again we can see the potential advantage of mechasidalhed
fibres in addressing this question which can not readily be observed in an intact fibre preparation.

C) cdt handling

As mentioned earlier, mechanicatiikinned fibres rapidly loose their parvalbumin after skinning
and this may account for some of the dynamic differences between twitch responses observed between
mechanicallyskinned fibres and intact fibresThe absence of parvalbumin in mechanieakinned
fibres allows the examination of the functional role of this protein in indling. Most previous
studies examining the role of parvalbumin have been limited by the inability to remove theadffects
parvalbumin completely. Only one recent study using mice in which the parvalbumin gene has been
knocked out has been able to examine the precise contribution of parvalbumin on twitch and tetanic
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characteristic§Fryer & Neering, 1988) This study showed that twitdktanis ratio was greater in

fibres from parvalbumin knockout mice (PKM) than from wildtype mice. Interestingly, the
characteristics of the twitch response from PKM greatly resemble those from mechakicaibd

fibres. Nevertheless, it is possible that #iesence of arvalbumln in PKM may have effected the
other constituents important iE-C coupling and a handling. The unique properties of
mechanicallyskinned fibres allows the examination of parvalbumin more precisely without the
problem of norspecifc effects that may arise from gene knockout. Parvalbumin can be simply added
to and removed from the bathing solution of mechaniesMigned fibres and the effects on the twitch

and tetanus observed in the same fibre. Apart frgm parvalbumin, meclyaskiahed fibres can

allow the precise examination of the_role of the SR'QwTPase in contraction and relaxation. In
intact fibre studies, the role of the SR*EATPase is often examined by using specific inhibitors such

as TBQ and thapsigarg(iWesterblad & Allen, 1994; Caputt al.,1999. However, it is difficult to

be sure that complete block of the pump has taken place and that there are no complicating effects of
increased resting éh Similarly, the intact fibre studies must also take into account any effects of
parvalbumin. An adv#tage of mechanicalgkinned fibres is that distinct qualities of the S Ca
ATPase can be examined in isolation of parvalbumin and without changes to resting myoplasmic
[ca’™.

Conclusion

To date, mechanicaHlgkinned fibres have been a useful toothie study of many aspects oflE
coupling in skeletal muscle. The controlled nature of the myoplasmic environment of skinned fibres,
the presence of function&C coupling that can be now be activated in the same manner and with a
similar time coursess an intact fibre, and the fact that the key structures involvédGncoupling
obviously remain as they weie vivo, demonstrate the potential of this technique in further aiding our
understanding of ££ coupling in skeletal muscle.
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