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exist in all vertebrate cells examined for their

e ON: The calpains are a family of Ca?*-dependent, neutral proteinases that
the skeletal muscle proteins titin, nebulin,

Xl
ﬂla;fi':lce (Goll et al., 1992). Results of in vitro studies have shown that calpains degrade
Pom (H\_lff-Lonergan et al., 1995a), troponin-T (Olson et al., 1977; Huff-Lonergan et al., 19952), C-protein, troponin-I and
t yosin (Dayton et al., 1975) and the intermediate filament protein desmin (O'Shea et al., 1979; Huff-Lonergan et al., 1995a), but
ie (1992) and Huff-Lonergan et al. (1995a) have

L :
hy the major myofibrillar proteins actin and myosin (Dayton et al., 1975). Koohmaraie
s the tenderness of whole muscle meat products by degrading

key g 12€d the low CaZ+-requiring form of calpain, p-calpain, enhance

Ctural proteins. Muscle undergoes a drop in temperature from 37 °C to 2-4°C and a decline in pH from near 7.0 to about 5.6 in the
o~ Conversion of muscle to meat. Ionic strength of the tissue approximately doubles (Winger and Pope, 1980) and free Ca2*
e -tytraYIOn can increase as much as 10-fold (Koohmaraie, 1992). Although the increase in Ca2+ should favor increased p-calpain

e th_c lower pH and temperature and increased ionic strength would seemingly inhibit its activity in postmortem muscle.
the %mag?lle et al. (1986) has shown that p-calpain exhibits some activity on ske i
funye Ined effects of low temperature, pH and increased ionic strength on p-calpain activity on speci
puﬁﬁe’éamlned. _The objectives of this study were to examine the combined effects of pH and jonic strength on the ability of hi ghly
myoﬁbﬁll~calpa1p to degrade specific structural proteins at low temperature and to identify p-calpain induced degradation products of key

llar and intermediate filament proteins.
The m NTAL METHODS: Highly purified bovine skeletal muscle p-calpain was prepared according to Edmunds et al. (1991).
the foilcalp-am was used to digest purified bovine skeletal muscle myofibrils (Huff-Lonergan et al., 1995b) at 4°C, 100 uM CaClp under
Nao Owing conditions: 1) pH 7.0, 165 mM NaCl, 2) pH 7.0, 330 mM NaCl, 3) pH 5.6, 165 mM NaCl, and 4) pH 5.6, 330 mM
The ratio of p-calpain to myofibrillar protein was 1:800 (w/w). Samples were removed at 0, 2, 15, 60, and 120 minutes for
and 2) no calpain added (buffer control).

dng], M
¥Sis. Two controls were used as follows: 1) presence of 20 mM EDTA (calpain control),
ed EDTA to reach a final concentration of 20

e z
g EIg)“;fﬁlons were stopped by adding the digested myofibrils to an aliquot of concentrat
Wyl A. Samples for SDS-PAGE were prepared as described in Huff-Lonergan et al. (1995b). Gradient gels (3.2-12%;
W » de/blsacry}anl_ldc 100/1) were used for monitoring titin, nebulin and filamin, and 18% (acrylamide/bisacrylamidc 100/1) gels
Top OCTCd for monitoring desmin and troponin-T. Highly sensitive chemiluminescent Western blotting techniques (Amersham), using
Geprc10nal antibodies to titin, nebulin and troponin-T, and polyclonal antibodies to filamin and desmin, were employed to identify
Q&Lhzn products produced from these five proteins.
lonj; IS: Western blots probed with a monoclonal antibody to titin revealed that 1-calpain rapidly degraded titin at pH 7.0 and lower
xecogn'ilength (165 mM NaCl). Within 15 minutes of digestion, the monoclonal antibody no longer detected intact titin and only weakly
Qg i2ed T2 (the high molecular weight degradation product ). At pH 7.0 and higher ionic strength (330 mM NaCl), p-calpain

the ed titin ata mucb slower rate. Both digestions (165 and 330 mM NaCl) done at pH 5.6 showed that some T1 was still recognized
o the ianl_lbody at 15 minutes. T2 and a 1200 kDa degradation product of titin were recognized after 60 minutes of digestion irrespective
form, o?ﬁltf strength. After 120 minutes digestion at conditions of 165 and 330 mM NaCl and pH 5.6, the antibody did not recognize any

n.

owed that nebulin was degraded by p-calpain more quickly

We,
Stern blots probed with a monoclonal antibody to nebulin (NB2; Sigma) sh
calpain degradation of nebulin occurred at pH 7.0 in 330

Un
m&;\]‘;lélltspccﬁve conditions examined than was titin. The slowest rate of p-

7.0, 165 mM NaCl. By 60 minutes,
s negligible. AtpH 5.6

The ;
mant‘;'cﬂpam degraded some filamin into = 240 kDa product within 15 minutes of incubation at pH
remained, with very

ing 1 N was completely degraded under those conditions. At pH 7.0, 330 mM NaCl, degradation of filamin wa

K . 35 mM NaCl or 330 mM NaCl, some filamin was degraded to =~ 240 kDa product by 60 minutes. This product
Vidence of further degradation after 120 minutes.

Doy

molgc“nl was rapidly degraded by -calpain at pH 7.0, 165 mM NaCl. After only two minutes, degradation products with approximate
ular masses of 45 and 38 kDa were apparent. Within 15 minutes, intact desmin could not be detected, nor could any of its

3 D tion products. At pH 7.0 and 330 mM NaCl, desmin showed little evidence of degradation until 60 minutes. At that time point a

Mope 4 degradation product was detected on Western blots. The two digestions (165 or 330 mM NaCl) done at pH 5.6 both showed

165 “:‘K:[tenswe degradation of desmin than at pH 7.0, 330 mM NaCl, but the degradation was not as extensive as that obtained at pH 7.0,

de NaCl. AtpH 5.6 and 165 mM NaCl, degradation products of 38 kDa and 35 kDa were noted. At pH 5.6 and 330 mM NaCl,
Sradation products of 38 kDa and 35 kDa, as well as a transient 45 kDa degradation product, were observed indicating slightly slower

d’egl‘ada :
tion at 330 mM NaCl.
ain of the four conditions

Th

e":n?iH 7.0, 165 mM NaCl digestion conditions resulted in the most rapid degradation of troponin-T by p-calp

iy, té‘ed Wlthm 15 minutes of incubation, a 28 kDa and an approximately 25 kDa degradation product were identified. Within 60
Py 03, no intact troponin-T could be detected, but the 28 and 25 kDa polypeptides remain i . When the conditions of
M6 330 mM NaCl were examined, very little, if any, of the troponin-T was degraded before the 120 minute sampling time. The two
iy digestion conditions (165 and 330 mM NaCl) resulted in degradation of troponin-T that was intermediate in rate to the two pH 7.0

apierzﬁQns. In both the pH 5.6 digestions, the two major degradation products detected by the monoclonal antibody migrated at
Ximately 30 and 28 kDa.
: This study showed that the proteins titin, nebulin, filamin, desmin and troponin-T differed in their degree of

Ngpprre ; -
3 scgpt!blhty to proteolysis by p-calpain. Under the four assay conditions tested, the proteins titin, nebulin, and desmin were the most
ptible to p-calpain digestion. The proteins filamin and troponin-T were degraded more slowly than titin, nebulin, and desmin under
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the conditions of pH 7.0, 165 mM NaCl, pH 5.6 (165 mM NaCl and 330 mM NaCl). Filamin and troponin-T were not noticeably :
degraded at pH 7.0, 330 mM NaCl, conditions in which the intact forms of the proteins titin, nebulin and desmin were degraded. This
difference in susceptibility, especially at the higher pH and higher ionic strength conditions, may arise from pH/ionic-strength induced
conformational changes in the substrate proteins or effects on the enzyme. Changes in the substrate proteins, for instance, may alter the
susceptibility of these proteins to calpain digestion by rendering specific cleavage sites inaccessible to calpain. Several of the structural
proteins examined in this study are located in regions of the muscle cell that have been shown to be affected by postmortem aging, such
as the Z-lines, nearby I-bands, and costameres (Taylor et al., 1995). Degradation of proteins such as filamin, and the intermediate
filament protein desmin, both located at the periphery of the myofibrillar Z-lines, may disrupt the lateral register of myofibrils as well as
attachment of the peripheral layer of myofibrils to costameres at the cell membrane (reviewed in Robson et al., 1995). In postmortem
aged samples, degradation of thick filament (titin) and thin filament (nebulin) associated proteins would be expected to result in loss of
internal sarcomeric integrity. Both of these giant proteins are anchored at one of their ends to the transverse myofibrillar Z-lines, and their
degradation might reasonably be expected to result in loss of longitudinal soundness. Titin, nebulin and troponin-T may also modulate
the interaction between thick and thin filament proteins and/or Z-line proteins, which may also help them to play important roles in
postmortem tenderization. Taken in toto, disruption of key structural proteins, such as the ones examined in this study, should lead to
myofibril fragmentation, loss of overall cellular integrity and ultimately enhanced tenderization. The degradation products of troponin-
migrating in the range of 30 kDa (Olson et al., 1977; Ho et al., 1994) have been shown to be related to beef tenderness (Olson and
Parrish, 1977). That troponin-T degradation products migrating at approximately 30 kDa were produced by p-calpain under conditions
of low temperature and pH adds credence to the hypothesis that H-calpain may play a principal role in postmortem tenderization. In
summary, results of our study show that the low pH and temperature and relatively higher ionic strength conditions found in postmortem
muscle would not eliminate significant JL-calpain-induced degradation of the five proteins examined and, thus, further implicate p-calpain

in postmortem protein degradation (Koohmaraie, 1992; Huff-Lonergan et al., 1995b) and myofibril fragmentation tenderness (MacBride
and Parrish, 1977).
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