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Calpains, skeletal muscle function and exercise
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Summary Calpain-1 and calpain-2 are 80 kDa proteins which each
) ) o require heterodimerisation with the small calpainusiito

1. Skeletal muscle fibres contain ubiquitousofien called domains V and VI or calpain-4) for wityi
(k-calpain and m-calpain) and muscle-specific (calpain-3the formation of heterodimers occurs when the most C-
Ca&*-dependent proteases. Their physiological roles are Netminal EF-hands of domains IV @& subunits) and
well understood, although ubiquitous calpainseh@ieen  §omain VI (small subnit, (28 kDa) associate and there
associated with apoptosis and myogenesis and calpain-3yjsn referred to ag-calpain and m-calpain, so named due
likely involved in sarcomeric remodelingA defect in the {5 their apparent micromolar and millimolar fCja
expression of calpain-3 results in limb-girdie musculagependencéin mice, homozygous knock-out of either the
dystroply type 2A. _ calpain-2 genor the small subunit gehéis lethal, whilst

2. Atresting intracellular [CH], calpains are present ynock-out of the calpain-1 gene produces a viable mouse,
predominantly ir_1 their fuII-Iength, unautolygsed/unmtéd _ possibly through a compensatory role of calpainRilike
forms. Onceactivated, u-calpain and calpain-3 appear inihe ypiquitous calpains, calpain-3 does not associate with
their autolysed forms and this measurement can be useq{g small calpain suimit, havever molecular modeling
determine wherin vivo actiation occurs. Endogenously gemonstrates that calpain-3 could form a homodimer
expressedu-calpain and calpain-3 are aetied within a  hrough a similar pairing of penta-EF hands in homologous
physiological [C&"] range in a Cd- and time-dependent gjomain |v rggions® In addition to domains | to LV
manner. o _ calpain-3 has three further insert sequences (NS, IS1 and

3. In skeletal musclg,-calpain is a freely difisible |55 Figure 1) giving rise to its lger molecular weight of
protein which binds rapidly when intracellular fais 94 kDa. The IS1 located within the proteolytic domain has
increased. Calpain-& tightly bound in skeletal muscle peen described as an internal propeftigich must be
fibres at the N2A line of the large elastic protein, titin. remosed for autolytic acwation. The IS2 region of

4. Overall, neither p-calpain nor calpain-3 are calpain-3 binds to the giant protein, tifin.
activated immediately following sprint, endurance or

eccentric gercise despite the frequent episodes of high

cytoplasmic [C&"] that would occur during these types Ccalpain-1 NI I || | -COOH
muscle contractionsImportantly howeve, a sibstantial proteolytic domain Ca?" binding domain
proportion of calpain-3, but ngt-calpain, is actiated 24h CaPain-3 NN 1= & Bl IM"|"-CooH

after a single bout of eccentrigeecise.

5. In vitro studies hee <own that calpain-3
becomes actéted if exposed for a prolonged period of time
(>1h) to -4 fold higher than normal restingtoplasmic

[C&?*]. This suggests that the smallitosustained increase the penta-EF hands, the major Ca?* binding domains,

in mtrac_ellula_r [C&Y I|k_ely occurring following eccentric Calpain-3 has three additional insert regions, the NS, ISL
contractions is both high and long enough to result if . .

. o . . and 12 regions. The ISL region must be cleaved for cal-
calpain-3 actiation and supports the role for calpain-3 in__. . . .
sarcomeric remodelling pain-3 to become autolytically active and the IS2 region is

believed to be important for binding to the large protein,
Introduction titin.

Figure 1. Schematic of calpain-1 and calpain-3 proteins.
Each contains domains |, 11, 1l and IV, with domain |1 con-
taining the proteolytic domain and domain IV containing

Calpains are non-lysosomal, <alependent,
cysteine proteases. In skeletal muscle, the thiquitous

isoforms calpain-1 and calpain-2 angpressed, as well as : ) + . : .
the skeletal muscle specific calpain&t the mRM levd, physiological [C&"] requirements.It is possible haever,

it has been reported that there is ten times more calpain-3 3L M-calpain is gulated directly by factors other than

N . .
skeletal muscle compared with calpain-1 or calpaiifpe CZ fcc’; exarr?ple thro(t;gh fprrllc_)sphorytllat;on by .Ipl)rtc))teln
calpain isoforms are similar in structure, with eackinase C:Forthe remainder of this papehe focus will be

possessing domains 1 through to IV (Figure Dpmain | " M-calpain and calpain-3, which ¥&keen shown to be

is the N-terminal domain, domain Il the proteolytic domain"?‘Cti"""ted within the pisiological range of skeletal muscle

domain Il a C2-lile regon and domain IV the predominant Cytoplasmic [C&T].
Ca&*-binding domain consisting of four-EF harlds.

There are f& reports addressing m-calpain aation
in adult sleletal muscle, possibly due to its apparent supra-
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p-calpain in skeletal muscle was that p-calpain epressed endogenously in edital
_ ) muscle vas examined in the presence of all other muscle
Functional role(s) of x~calpain constituents, including factors such as DUK114 thatlyik

influence the CH-sensitvity of the process? Hence, under
hysiological conditions the Cadependence gfi-calpain
skeletal muscle is moknown.

The physiological function ofp-calpain is still
unclear although along with the other ubiquitously
expressed calpain, m-calpain, it has been implicated in'"y
number of cellular functions lid to C&" signaling, Properties of z-calpain
including apoptosis, myogenesis, cell signaling and cell
differentiation? Ubiquitous calpains are belied to pay a During normal actiity, intracellular [C&'] in skeletal
role in protein modification with one course of actiormuscle fibres increases frob0 nM to 2-20 uM.%20
involving limited degradation of proteins and consequentocally at the triad junction, where &ais released from
targeting to the ubiquitin proteasomegdadation pathay the SR, the [CH] could be &en higher?! Given that
and the other to alter the adty of a substrate through muscle fibres are able to function normally faliog
cleavage of specific siteseg. Protein kinase CY° It has normal concentric contractiongi-calpain actiity on its
recently been suggested that a specific rolg-océlpain in target proteins (see later) must not occur readifp
skeletal muscle is to pvent major degradation by reducingunderstand this gulation under normal circumstances,
Ca* release from the sarcoplasmic reticulum (SR, thearious properties of endogenouslxpeessedp-calpain
intracellular C&'-store), following periods of xeessie have been @amined using mechanically-skinned rat EDL
Ca&* release or raised [€§, presumably locally at the triad muscle fibres. Using this model, agseent of a single
junction!! This intervention seems to ocotia interference muscle fibre is dissectedvay from the pinned muscle
with excitation-contraction (EC) coupling in which theunder pardin oil and the surface membrane, or
communication at the triad junction between tlodtage sarcolemma, is remred by rolling it back from the rest of
sensors, or difdropyridine receptors, and the calciumthe fibre!322 Whilst under pardin oil, the fibre retains all
release channels, or ryanodine receptors (RyR) is hinderéd.cellular constituents, including thgtoplasm, the latter
In vivo, p-calpain has been sla to play a role in of which washesway once the fibre is immersed in an
membrane repalf Such a mechanism is highly plausibleaqueous solution.Importantly these fibres retain their
given that p-calpain rapidly binds upon increases tability to respond to electrical stimulation to produce twitch
intacellular [C&',*® which would occur locally and tetanic forcé A given muscle fibre sgment can be
immediately beneath a damaged sarcolemma, suppafti divided into 3 diferent pools — an intact segment, a skinned
ap-calpain playing a protest wle in skeletal muscl:1®>  segment and sarcolemmal portidrand each of these can

) . be analysed for the amount pfcalpain present using a
p-calpain activity very sensitve Western blotting method (described in detail

p-calpain is inhibited by endogenouslypeessed in Mollica et al., 2009%). Comparingintact and skinned
X 0 ) .
calpastatin, which binds and inhibits the ubiquitous calpaiﬁ@ments’ the . latter contain 921)/0 of the H calpam
in a Ca&"-dependent mannét Fdlowing exposure to present in the intact gment, which is c9n3|stent Wlth the
micromolar [C&], full-length 80 kDapi-calpain autolyses amoulnt of ;6"61/0 Oft.th? to;taltt]l—calpal? found tml thz
to its 78 kDa and 76 kDa isoforms and as such the prese gicolemma.” interestingly of ine p-calpain au oyie
of autolysed p-calpain is an indicator of an asted (SxPressed relate o the total p-calpain present)[5%

proteasé. Biochemical assays ha demonstrated that the occurred in the intact and S""P”e.d sggmentle@—GO% .in
80 kDa isoform ofp-calpain can itself be aut i the the sarcolemmal segments, indicating that phealpain
[Ce?] is sufficiently high enoughe(g. 20 uM), however at situated at the cell sate is primed for aatition with only
such a [C&] autolysis will also avays occur and so the a small influx of C&, which would oceur when. the
measure of autolysis is indicegi d p-calpain actiation 2 sarcolemma was damagédr there was increased influx

Autolysed -calpain  isoforms ha a eater viaion channels._ i o . .
Caztgensiti/it‘; thgn the full-length 80 kDa igéoform Using a skinned fibre, it is also possible to determine
Demonstrating this, skeletal musglecalpain was acte a the proportion ofi-calpain that is freely diffusible or bound
a smilar rate in the,presence of either 201 Ca2* or 2 uM to a structure within the fibrelt was found that170% of
C#" providing the latter had been preceded by a e p-calpain present in a muscle fibre is able to rapidly
‘activation’ step by &posing the muscle to 20Vl Ca?* for iffuse out of a fibre, with a time constantt@bs when the
+ 13
5 min, which resulted in autolysis of the full-length [Ca?] is very low (<20 nM):* The advantage to the

u-calpain’® Above a taseline lgel of autolysis in human skinned fibre approach is that protein vements can be

skeletal muscle, thereas an additional 23%, 28% and 46%assessed in ‘real-time’, unékfractionation studies where it

autolysis following 1 min xposure to 2.5, 10 and 28V Is unclear if a protein difised into a gien fraction during
Ce*, respectiely. 7 At the same [CH] ar;d times. there sample preparation, which could ¢éakinutes to hours.If

was an aditional 8%, 18% and 28% autolysisofalpain intracellplar [Céf] was raisedeg. to 1uM) thenu-'calpain
seen in rat xensor digitorum longus (EDL) musclepredomlnantly in its full-length and mnon-aetl sate,

homogenate¥’ In particular a major advance made with rapidlly boun.d, assumedly becoming fixed in pogitipn,
that study compared to previous biochemical based studfé%ss'bly to either a membrane structure or the myofibrillar
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elements3 If the [C&*] was raised to 4QM then more perhaps supported by the finding that calpain-3 transgenic
than 70% of thei-calpain remained bound for 60 nifhln  animals are reasonably heglthIn addition, calpain-3 has
summary, u-calpain in its unautolysed state attasolic been shown to regulate nucleaBbik, providing a link
resting [C&] is freely diffusible within the cytoplasm of a between calpain-3 and the control of apopt&s?8:36

muscle fibre, but as soon as there is an increase #{ [@n ) o

the order of 1 uM, it rapidly binds prior to apautolysis Calpain-3 activity

occurring.  This tight C&*-dependent wulation of
p-calpain localization dictates thatcalpain can only be
proteolytically actie an secific substrates with which it
comes into close proximity once aetied. This could
occur throughp-calpain either binding onto or near to
substrates that position themselvesxtnéo the bound,
activated protease.

Full-length calpain-3 is inast® and it must autolyse
(i.e. proteolyse itself) to reme the IS1 region, referred to
as a propeptide, to become waetl (see Figure 1).This
process occurs in a €adependent mannét Falowing
autolysis, the clesed domains must remain associated with
each other in order for the protease to bevafthowever
by Western blotting the autolysis is obssihvas a decrease
Substrates of calpains in the full-length 94 kDa protein and an increase in the

appearance of 60, 58 and/or 55 kDa products (when using

In the most part, the twvubiquitous calpains both antibodies directed to the C-terminal side of the 1S1
cleave the same substrategn vitro. These include region)!’ It was originally described that calpain-3
cytoslkeletal proteins including the troponin compl@nC, spontaneously autolysed vivo and that it was present in
Tnl, TnT, tropomyosin)a-actinin, titin, the Z-disk proteins its degraded fornd? although it has ne been shown that
fodrin and desmin and the sarcolemmal associated spectaipain-3 is actually quite stable inedital musclé?4°
complex of proteins?2> Such substrates suggest that th&nlike the ubiquitous calpains, calpain-3 is not inhibited
ubiquitous calpains play a role in sarcomeriganization endogenously by calpastatin. Other exogenous inhibitors of
and/or dismantling, consistent with a role in myogenesthe ubiquitous calpains including leupeptin and calpain
and apoptosis. inhibitors | and Il are indéctive in preventing the clegage

) of the 1S1 region of calpain3.
Calpain-3

. ) Properties of calpain-3
Functional role(s) of calpain-3

) . ) Using a method similar to that described for

(Calpain-3 was first described 20 years 'a@ad |\ caipain abue, it has been shen that calpain-3 is tightly
despite numerous _ studiesxagnining the protein, itS poynd within a muscle fibre, with undetectable amounts
physiological function(s) remain elu@ A role for ashing out of a mechanically-skinned fibre in 2 min and
calpain-3 in mgscle repair and maintenance has_, beRRs than 23% appearing in theash solution follwing
proposed® and it has been sho to be ivolved in  yeamment for 2 HI Interesting, if ATP waseluded from
myogenes® and apoptosi&™*® Calpain-3 is crucial for the wash solution, which resulted in cross-bridges being
adult muscle physiology homeostasisyegi that if it iS |ocked in rigor because the myosin heads could not detach
gbsen_t or non-functional, then an individual willvdep  om actin, then only5% of the total calpain-3 appeared in
limb-girdle muscular dystroph type 2A (LGMD2A),  the wash after a similar tin#é4 This was likely due to the
becoming wheelchabound by 20 to 40 years of a8®. fipre being in rigor itself, because inhibiting the formation
This is intriguing, since calpain-3 is a protéase angk cross-bridges by stretching fibres to double their resting
therefore assumed to be vaived in both protein |ength remeed the ATP dependence of the calpain-3
degradation and damage.\v@n that individuals typically do \yashout’? Of note, it vas demonstrated that figible

not develop LGMD2A until after about ten years of age, ilca|pain-3 remained in its full-length, unautolysed state for
is unlikely that calpain-3 is required for normal muscle; |east an hout contrary to preious suggestions that it
development, it rather is crucial for maintenance ofceded to be bound to titin to be staBlén addition
muscle |ntg.r|ty.2f3 Indeed, in muscle cell culture, full- gyetching the fibre itself did not result in yagreater
Iength_ calpain-3 is notxpressgd until Iatgr in delopment, amount of calpain-3 appearing in the wash solution.
foII.owmg myoblast prollfe_ratlor_1 and fusidhlinterestingly, confocal immunofluorescence stoa double band pattern
neither absence of calpain-3 in mouse skeletal muscle Agf cajpain-3 localisation in rat EDL fibréswhich could
overexpression 0; gzae!ga'n'3 in transgenic mice produces yrrespond to calpain-3 binding to a triadic structure, either
overt phenotypé®32** Muscular dystropp with myositis terminal cisternae SR membrane, as suggested by
(mdm) is a mouse model of the human disease human tihigh meroa and colleagueé8 or N2A line of the giant
muscular dystroph and LGMD2J, caused by mutationsgastic protein, titirf4 To dstinguish between these dw
adjacent to the calpain-3 N2A binding site on tiiin  gjtes 4 noel technique was deloped where skinned fibres

mdm mLce a decreased amount of calpain-3 has begAre exposed to a solution containing 1% Triton X-100 and
reported” and werexpression of calpain-3 in these miceyhe matched pair of ash solution and fibre were run

resulted in a more sere dystrophic phenotyp. From alongside each other on a Western blot. After 10 min

these findings, it s suggested that the activity of calpain-3reztment only1L0% of the total calpain-3 present appeared
might be rgulatedvia its binding to titin at the N2A lin& i, the Titon wash. whereas >80% ofvgh SR poteins
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appeared in the Triton wash after 10 iinThis was the dystroply, muscle diseased. AHNAK is reported as
case, een, for the very laye RyR1 protein (>450 kDa) having a predominantly sarcolemri@land t-tutular®®
located on the terminal cisternae SR membrane as welllasalization in muscle. Interestingly both AKK and
the luminal SR protein calsequestrinCb3 kDa)*! Thus it calpain-3 hee lkeen shown to coegst in the dysferlin
is unlikely that calpain-3 localises to either membranes @rotein complg which plays a role in membrane repdir
within membrane bound structures, and instead supports #igally, a sudy examining tissue obtained from LGMD2A
proposal of its localization to a myofibrillar structure, patients observed a deregulation of the K-pathwayvia
titin. the antiapoptotic dctor c-FLIP and led the authors to

It has been demonstrated that the 1S2 region cobnclude that this pattay plays a mechanistic role in the
calpain-3 is required for it to bind to the N2A region ofmuscle atropyseen in the patients.
titin.” It has also been suggested that calpain-3 binds to the  Given that calpain-3 is tightly bound in muscle fibres
M-line of titin,” although this has not confirmed by oth&rs. (see abee), the likelihood of some of thesén vitro
Of note, the M-line sequence is not present inast-fwitch  substrates beinm vivo substrates is perhaps questionable.
fibres®® raising the question of fibre type differences irFuture studies are needed to elucidate whether these
calpain-3 properties. Interestingly the muscle ankin  candidates, or others, are indead vivo substrates of
repeat protein (MARP or Ankd2) competes with calpain-8alpain-3.
for binding at the N2A line on titif® although the ) o )
significance of this is not known. Finalsalpain-3 contains Regulation of calpains in skeletal muscle during [CH]
a putative ruclear translocation signal in its 1ISjien and transients
indeed calpain-3 has been identified in the nucleus of
healtty individuals?® It is not knavn if calpain-3
translocates to the nucleus following watiion.

Changes in intracellular [€§ are frequent and
varied in skeletal muscle.During normal contractions,
there are large transient increases in intracellulaf*[Ca
Substrates of calpain-3 with cytoplasmic [C& reaching 2-20uM.%%20 There are
also smallgr prolonged increases in intracellular fCa
Besides proteolysing itselia both intramolecular associated with l@ frequeny, long duration dtigue®® such
and intermolecular cleage step$;*” specific endogenous as folloving eccentric xercise, where the muscle is
substrates of calpain-3verot been identified. It is clearly lengthened during contractidhlt is also likely that there
vital to identify the physiological substrates of calpain-3 imre small persistent increases in resting intracellulat*JCa
order to define the role of calpain-3 ineial muscle. with certain disease states, and with agiAg. a result of
Plausibly the dystrophic phenotype in LGMD2A is prolonged exposures to relally small increases in
possibly due to a dysgelation of sarcomere remodelingcytoplasmic [C&'] there is an irneersible reduction in or
owing to the lack of proteolysis of calpain-3 substrdfds. complete loss of the amount of Taeleased by the RyR1
should be noted that the proteolyticgets of calpain-3 into the cytoplasm, a phenomenon %mo as EC
might not correspond to a gimdation process but rather touncoupling?!2%-58 Understanding the response of calpains
an irreversible regulatory went whereby the function of a to these various scenarios enables an understandingvof ho

given substrate is alteret!. calpains are regulated inva, particularly during normal
A number of proteins h& Leen identified as activities undertaken on a daily basis by snamividuals.
potential calpain-3 substratés vitro, dthough none hze It has recently been highlighted that there is no

been confirmed asin vivo tamgets. Theseinclude evidence for associations between calpain-3 rAR&hd
myofibrillar / Z-disk proteins including titin (at the PEVK protein leels®® In fact previous findings might well
region, adjacent to the N2A line of titin where calpain-3uggest that there is no correlation between calpain-3
binds to titin); filamin C}"*°vinexin, ezrin and taliff and mRNA and protein lgels®®61and as pointed out prieusly,
myosin light chain 1 supportve d a role for calpain-3 in autolysis of the full-length endogenouslyxpeessed
sarcomeric remodeling. Calpastatin, the endogenouscalpain-3 protein needs to be measured in order to acquire
inhibitor of the ubiquitous calpains can also be\aday functionally releant data2® Consequentlythis review will
calpain-3 in vitro.®® More recently the beta-oxidation, focus on calpain-3 astition and not mRN measurements.
mitochondrially localised protein VLCAD has been ] ]

suggested to be a substrate of calpaiAt®wever there is  Calpains and exercise

no evidence of either full-length or actied calpain-3
being localized to mitochondria and so this is wdiiko be
an in vivo substrate. Anotherpotential substrate of
calpain-3 is the large protein AHNAKI{00 kDa, also
referred to as de;myot?ﬁ), which was recently shimn _to compared to samples taken at féstThis was not
be proteolysed in COS-1 and 3T3 celerexpressing surprising, gien that the transients inytoplasmic [C&']

54 "
calpain I3.t' n fﬁm& _there Iapggared ftEGh?IEZ:QNouId have been large but very rapid so unlikely to be of
accumufation o In-muscie Tbres ‘o long enough duration to result in calpain aation. Ina

pa:jt_le_r(;ts, Icomparelcli with musc'le dﬁp(rjes If rom.tuew:ﬂmtrol small group of well-trained endurance male athletes, there
Individuals as well as other individuals with otheon- ¢ change in the amount of autolysed calpain-3 or

Immediately follaving an ‘all-out’ 30 s bout of sprint
cycling exercise, there was no increase in the amount of
activated calpain-3 opi-calpain invastus lateralis skeletal
muscle biopsies obtained from young, hegltstive males
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p-calpain invastus lateralis skeletal muscle biopsies tak calpain-3 in rat skeletal muséleare very stable at normal
before and after a single bout gfcling exercise that lasted resting [C&'], however calpain-3 autolysis is very sensi
2% to 3% H7 Using mechanically-skinned fibreggaents to even small changes in [G4]. To understand potential
from EDL muscle, it vas also shown that calpain-3 was notnechanisms wolved in the calpain-3 aetition following
activated following the large, transient increases imeccentric gercise, the direct effect of thesedwproperties
intracellular [C&"] that would be comparable with thoseof calpain-3 were examined in individualesétal muscle
invoked during a number of electrically-induced tetani fibres. D investigate the dect of stretchper se, solutions
situ.4t containing ery lov [C&" (<10 nM) were used and the
In mouse skeletal muscle it has been reported that tamount of calpain-3 autolysis assessed in mechanically-
cytoplasmic [C&'] is increased 2-3 fold abe resting skinned EDL fibres that were stretched to twice their resting
levels for up to 48 h follwing a bout of eccentric length. Fllowing 30 min, there @as no difference in the
exacise® In human skeletal muscle biopsiesyemll amount of calpain-3 autolysis between stretched or
neither p-calpain nor calpain-3 &s actiated immediately unstretched fibre¥, suggesting that the lengthening
or 3 h after a single bout of eccentri@eise, although 24 contractions were unlikely the cause of calpain-3vatitin
h dter the bout of xercise, calpain-3, but nqgi-calpain, seerf? To examine the déct of a small, but prolonged
was activated 2 Interestingly in that studytwo subjects did increase in cytoplasmic [€4, mechanically-skinned EDL
shav pronounced p-calpain autolysis immediately muscle fibres werexposed to solutions containifig0 nM
following exercise, perhaps suggesting that the eccentrand (200 nM C&* for 60 min. There was no autolysis of
exacise affects individuals diérently perhaps depending calpain-3 in[E0 nM C&®, howeve the slight increase to
on their training status or lifestyfé. (200 nM C&* resulted in[20% calpain-3 autolysfs.
Different eercise modes result in the aetion of Interestingly this process was dependent oiPAbeing
different fibre types and it should be noted thxaingination present in the &ctive intracellular emironment. Thesén
of whole muscle biopsies obtained from tlastus lateralis  vitro findings suggest calpain-3 agion was a result of
shav a mixture of type | and type Il fibres. In rodentthe small yet prolonged increase in cytoplasmic?{Ca
skeletal muscle no fibre type dependence on Xpeession following eccentric eercise and not a result of the
of p-calpain was seel.In contrast, with calpain-3 there lengthening contractions performed.
was [11.9 times more present in individual muscle fibre _ o o
sgments from EDL (eclusively fast-twtich fibres) Function of calpain-3 in skeletal muscle — implications
compared with those obtained frosaleus (SOL) muscle for L GMD2A
(predominantly slow-twitch fibres), ha&ver there vas
considerable exlap of \alues across the fibre POPUIONS.aipain-3in ivo in muscle repair and generation and

ite to thetwo-fold i X Ioain-3 toin | sarcomere remodelingindividuals lacking a functional
opposite {0 wo-lold increase in caipain-s protein '.ncalpain—3 protein would undergo the normal amount of

fast—twitch fibres compargd with Slo.W'tWitCh fibrgs Indamage seen folldng eccentric contraction, which are a

porcine skeletal mpng@. IT[ IS unkncwn_ If there is a f|br.e part of eeryday maements, but thewould lack the ability

type dependent distribution qi-calpain or calpain-3 in to repair skeletal muscle, an adaptation present in lgealth

human skeletal muscle. individuals. Thiscould also explain wh LGMD2A is

Mechanisms of calpain-3 actiation typically seen as a late-onset disease, where th_e
accumulation of damage and subsequent lack of repair

Eccentric ®ercise represents the only ysiological leads to muscle wasting.

circumstance shown to result in the vivo activation of )

calpain-3%2 There are tw relevant mechanisms that could Concluding remarks

result in calpain-3 actétion during and/or follwing an

eccentric bout of xercise — firstly the muscle fibres are

lengthened during muscle contraction and secontily

intracellular [C&"] would be expected to remain slightly

elevated abee rormal resting gtoplasmic leels for 24-48

h following the &ercise, as seen in rodent musclégither

of these mechanisms might feasibly be&olmed in the

activation of calpain-3 following eccentricxercise. Firstly

it had been previously suggested that calpain-3 beca

activated if its IS2 region was not bound to titin and so its

activation might be sensite © a nuscle fibre stretching. Acknowledgements

Secondly whilst it was originally suggested that calpain-3

spontaneously autolysed in a Zidependent mann®r RM is funded by an NHMRC Feleship (380842).1

and recent literature continues to refer to such spontaned@nk Prof. Graham Lamb for comments on the

activation of calpain-3'>64it has been clearly shm that Mmanuscript.

both recombinantly »presse®4® and endogenous

Overall, findings support the suggested role for

In the presence of large and rapid changes in
intracellular [C&" it has been demonstrated that the
activation of both p-calpain and calpain-3 in sletal
muscle is very well gulated. Thecombination of whole
body human experiments and xperiments using
mechanically-skinned fibre segments has brought about a
greater understand of Wwothis regulation occursn vivo.
These insights help to understand the physiological function
he calpains in skeletal muscle.
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