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^ Q D U CTIO N : Thecalpainsare afam ily o f  Ca2+ - d e p e n d e n t , t i t i n ,  nebulin, 
f i ? »  (G°U  et a l„ 1992). Results o f  in vitro studies have s h o ^  A a t c d p ^ s  decade *  c .proteirli troponin-I and

^ , lA n r ,___i _fikn vn t nmtp.in desmin ("OShea et al., 1979; Huff-Lonergan et al., but
have

C "  (Huff-Lonergan et al., 1995a), troponin-T (Olson et al., 1977; H utt-^nergan ei - -  - - -  et al., 1995a),
f c y o s in  (Dayton et al., 1975) and the intermediate filament pro ̂  ^ n ^ O S t e a  e t d .  ^  ^ uff.Lonergan et &  (1995a) hi 
h w f  mai°r  myofibrillar proteins actin and myosin (Dayton et aF. 1975). 'o f  whole muscle meat products by degrading
S e i z e d  the low  Ca2+-requinng form o f calpam, p-calpain, enhances the te decline in pH from near 7.0 to about 5.6 in »
S u t u r a l  proteins. Muscle undergoes a drop in temperature from 37 C to 2 - Cand R ec lin e  in p ^  and free Ca2+

cJISal A v e rs io n  o f  muscle to meat. Ionic strength o f the tlaa“ e L  jncrease in Ca2+ should favor increased p-calpain
^ « r a t i o n  can increase as much as 10-fold (Koohmaraie, 1992). Alth § inhibit its activity in postmortem muscle.
W ilty’ t o  lower pH and temperature and increased ionic strength would seemingly mhib at*£w pH md temperature, but
o®°lunaraie et al. (1986) has shown that p-calpain exhibits some activity on ™ . • y SDecific structural proteins has not bee
f^ m b m ed  effects o f  low temperature, pH and increased ionic strength on p-ca lpm  dyiomc^ trength on the ability o f highly 
p 'y examined. The objectives o f  this study were to examine the combined effects o f  pH induced degradation products o f  key
J fied  (t-caipain to degrade specific structural proteins at low temperature and to identify H calpam inou b* 
y°hbrillar and intermediate filament proteins. .

J. 1 WU CUIlUUia w uv UOOU ua *v*w " “* r - ------ ~ .. _ ^rir^ntT'Afe/i F D l A  to reacn a imai WJllLLUUttUV.i V* —
»Al e&estions were by adding the digested myofibrils to an a lq  n et aj (1995b) Gradient gels (3.2-12%;
2 .E H T A . Samples for SDS-PAGE were prepared as described in H u f f - L o n ^ n  et al. ( ^ ^ ^ ^ s L y i U d e  100/1) gels 
^amide/bisacrylamide 100/1) were used for momtonng tuinnebu - Western blotting techniques (Amersham), usmg

N a t io n  products produced from these five  proteins. d inwer

Western blots probed with a monoclonal antibody to titin r e w a l e d S r i S ^ O T g e r d S t e d  intart titin ■and only weakly 
5 ®  stTength (165 m M  NaCl). Within 15 minutes o f.^S^tion  the m on ^  tonal a n U ^ n o ^  Naa ) ,  p-calpain
C ?a *?ed T2 (the hi8h molecular weighti degradation pnriuct )• A t pH 7.0and1 g r  ̂^ sho^,ed some j l  was still recognized 
L &aded titin at a much slower rate. Both digestions (165 and 330 m M  NaCl) d P • f  minutes 0f  digestion irrespective 
» ' « b o d , . .  15minutes.
f l ? e 1Qnic strength. After 120 minutes digestion at conditions o f  165 and 330 m M  NaCl ana p n  o.o, me a. y 
^  of titin.

¡ J 165 mM NaCl or 330 m M  NaCl, some filamin was degraded to -  240 kDa proouct Dy oo immu 
Ue evidence o f further degradation after 120 minutes.

S h  « rapidly d a g ™ !«, by p a p a in  a. pH 7,0  165 mM NaCl. ,nlyTwo ̂ K tdg ^ S , C ? S d S y " i S
S ^ W a r  masses o f  45 and 38 kDa were apparent Within 15 rmnutes, m t^ t to m m  un{il a )  ^ „ ^ 5. At that time point a
jo b a t io n  products. A t pH 7.0 and 330 mM NaCl, desmin showed littl n  65 or T30 mM NaCl) done at pH 5.6 both showed
t-kUa degradation product was detected on Western blots. The two digesti (  extensive as that obtained at pH 7.0,
u?6 extensive degradation o f  desmin than at pH 7.0, 330 m M NaC l, buuhedegr 5 6 and 330 mM NaCl,

NaCl. At pH 5.6 and 165 mM NaCl, degradation producte o f  3 8 “  KDa w indicating slightly slower 
R a t i o n  product o f  38 kDa and 35 kDa, as well as a transient 45 kDa degradation product, were ooserv

gradation at 330 m M  NaCl. . .

J e PH 7.0,165 m M  NaCl digestion conditions resulted in the most rapid e J ^ C i S d u c m e S ^ n t f f i ^ W i t o  60
^h ined . Within 15 minutes o f  incubation, a 28 kDa and an approximately 25 kDade*^. . P . when ^  conditions o f 
> t e s ,  no intact troponin-T could be detected, but the 28 and 25 kDa p o ly p e p b c t e ^ m ^  a t120 “ ^ sampling time. The 6 
5 7.0, 330 mM NaCl were examined, very litde, i f  any, o f  the troponin-T was in rate to the two pH 7.0
P  5.6 AAnHitiAPb 1165 and 330 m M  NaCl) resulted m degradation o f troponin-1 that was ™ e™ ~ tibody at

two
I /,0 3-tft mM NaCl were examined very little, it any, or tne troponin-1 was u ^ o u w  ^ -------- --
5.6digestion conditions (165 and 330 m M  NaCl) resulted in degradation o f tropomn-T dial wasintenr 

W o n f  to both the pH 5.6 digestions, the two major degradation products detected by the monoclonal 

Fproximateiy 30 and 28 kDa.- “ uiaiUJ' JU aim  _

PRECLUSIONS: This study showed that the proteins titin, nebuHn. filamin, desmin desn^ were°the most
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the conditions o f  pH 7.0, 165 m M  NaCl, pH 5.6 (165 mM NaCl and 330 m M  NaCl). Filamin and troponin-T were not noticeably 
de)|raded at pH 7.0, 330 mM NaCl, conditions in which the intact forms o f  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 o f  these proteins to calpain digestion by rendering specific cleavage sites inaccessible to calpain. Several o f  the structural 
proteins examined in this study are located in regions o f 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 o f  proteins such as filamin, and the intermediate 
filament protein desmin, both located at the periphery o f  the myofibrillar Z-lines, may disrupt the lateral register o f  myofibrils as well as 
attachment o f  uie peripheral layer o f  myofibrils to costameres at the cell membrane (reviewed in Robson et al., 1995). In postmortem 
aged samples, degradation o f  thick filament (dtin) and thin filament (nebulin) associated proteins would be expected to result in loss o f 
internal sarcomenc integrity. Both o f  these giant proteins are anchored at one o f  their ends to the transverse myofibrillar Z-lines, and their 
degradation might reasonably be expected to result in loss o f  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 tendenzation. Taken ULtOtQ. disruption o f key structural proteins, such as the ones examined in this study, should lead to 
myonbril fragmentation, loss o f  overall cellular integrity and ultimately enhanced tenderization. The degradation products o f  troponin-T 
migrating in the range o f 30 kDa (Olson et al., 1977; H o et al., 1994) have been shown to be related to beef tenderness (Olson and 
Famsh, 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 p-calpain may play a principal role in postmortem tenderization. In 
summary, results o f  our study show that the low  pH and temperature and relatively higher ionic strength conditions found in postmortem 
muscle would not eliminate significant p-calpain-induced degradation o f  the five proteins examined and, thus, further implicate Lt-calpain 
m pratmortem protein degradation (Koohmaraie, 1992; Huff-Lonergan et al., 1995b) and myofibril fragmentation tenderness (MacBride
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