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DOES PRO TE O LYSIS  CAU SE  A L L  PO STM O RTEM  ARE
C H ANG E S IN  TH E  AC TIN /M YO SIN  IN TE R A C T IO N  IN V O LV E D .

D AR R E L E. G O LL\  G ERRIT  H. GEESINK, R IC H ARD  G. T A Y L O R , and V A L E R Y  F. THOM PSON
Muscle Biology Group, University o f  Arizona, Tucson, Arizona 85721 U.5. .

a b s t r a c t

This paper proposes two new hypotheses for the mechanisms that cause changes m toughness } is caused by a

*  m toughness observed during the first 24-36 hr postmortem (the time epe"  g increase in toughness may be accompanied
^  m the actin/myosin interaction from a weak-binding state to a strong- in ing s » ctmortem (the time depending on species,
«  « « w t w e d  by shor.ctog; . » J  2 ) ,h . decease in toughness th „  oecurs after 24-36 hr 
ls caused „ „„.ciopnino o f the. actin, mvosin interaction; and b) calpain-induced pro y g

; >  in 
7®ge i
by

etc.
of

, 7  «acerbated by shortening; and 2 ) the decrease in toughness that occurs aner ,  degradatio.i o f costameres,
. ls caused by two factors; a) a weakening o f the actin/myosm interaction; an ) ca pain attachments o f titin and nebulin to the

¿di rmediate filaments that constitute the intermyofibrillar linkages in muscle fibers, t ern tenderization Z-disks seem
o f '  Co^ a r y  to the widely accepted conclusion that Z-disk degradation has an importan role n tem
i  main robust during postmortem storage. Furthermore, it is proposed that, in most
>5 ' ”  C. c h , „ ; , Pto the actin/myosin t o , . „ « io n  h a ,,  far la rg e  ch.ng.s in ,h.

nUmK,.reS 0f actin and the my ° sin cross-bridge have shown that myosin can make transition Changes in the number and
Hat,. r of *hese contacts is associated with a weak (resting muscle) to strong (contrac mg mu , toughness Rigor-shortened
S * «  the actin/myosin contacts during postmortem storage are likely to have marked effect on ^  back t0
?  lf ils ' engthen after 36-72 hr postmortem; the M g2* -modified ATPase activity first mcrea * ^ ¡ “ rations made from 

at'death level, and the rate o f  superprecipitation o f reconstituted actomyosin suspensions is mo p P’ on chanees during
C ° rtem muscle than in preparations from at-death muscle. Those observations suggest t iätIt e aeti my on
£ S m°ttem storage. Future research on the nature o f  the nucleotide bound to myosin in ^stmortemmu^leand ^ U e e  

6 '" ‘faction o f actin and myosin prepared from postmortem muscle may provide interesting new insights into postmortem

A TP  bound to actomyosin, AD P and inorganicb7  inquiries to this author.
ph rev>ations used are: A M , actomyosin; M, myosin; A M  A TP , A M  AD P P;, etc.,

sphate resulting from hydrolysis bound to actomyosin, etc.; T M , tropomyosin; T N , troponin.

IN TR O D U C TIO N

hypotu Rather than attempting a comprehensive review o f the vast literature on toughness observed
(lu rifeses concerning the mechanisms that cause changes in toughness during pos mo em g • eak t0 a strong binding
> 8  the first 24 -36 hr postmortem is caused by a change in the nature o f  the actin/myosin “ tmn fmm a weaR^o a *  g J 

5  sjtnilar to that n o w ta o w n  to occur during muscle contraction; that this increase may o f J

incrfrbated i’y shortening; and that the actin/myosin interaction changes or wea ens a er o f tbe proteolytically induced
deer Se in toughness caused by the strengthening o f this interaction is now a evia e , an and nebuijn at sites in the I band
npa7 ase in toughness that occurs after 24 - 36 hr postmortem results from calpain degradatio _______________ ____

c f  Z-disk and from calpain degradation o f 
sjrftteres and intermediate filaments linking adjacent 
(je„ ° rr'eres in the muscle fiber rather than from Z-disk 
R a t i o n  per se. These two hypotheses are based in the 
((T 'P t ion  that the data published by Wheeler and 
o j^ a r a ie  (1994) accurately reflect the changes that 
(Pi r lri tenderness during postmortem storage at 2 - 4 ’ C 

Post f  a^ ough the magnitude o f these changes and time 
^  thortem at which they occur will vary among species 
anirJ>rnorig animals within species. For example, in some 

a'* or in some muscles, the magnitude o f the large 
, -n toughness, shown in Fig. 1 as occurring after 

ob$e Postmortem may be greater or less than that 
O *  hy Wheeler and Koohmaraie. Similarly, in some 
tepd S or m some muscles, the degree o f  postmortem 
tbes6r'Zatton may be greater than that in Fig. 1. Despite 
Pq Variations, it seems likely that the general pattern o f 
pj Mortem changes in toughness follows that shown in 

r9pid j  ^  5111 mitial increase in toughness followed by a

’ter,
24

ta,.;,1’ ' )  an initial increase in toughness followed by a ------ --------------------------- - ; “  ~ , , ™rcomere length of lamb
V h deCrease that m atches o r  usually  ex ceed s  the in itia l F ig. 1. Changes in Warner-Bratzler shear ore Th is fi
, U8hliess i ------- „n  .„h ieh  d „H n a  the firs t loneissimus thoracic et lumborum muscle during postmortem sioragu4 Il6Ss increase, all o f  which occurs during the first 

days postmortem, depending on species, muscle, and

longissimus thoracic et lumborum muscle during postmortem storage, 

has been adapted from  W heeler and Koohm araie shown (1994).
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other conditions; and then 2)  a gradual decrease in toughness that extends for a period o f 7 - 14 days postmortem.

Accepting this as the general pattern o f postmortem changes in toughness the two central questions are: 1) what causes the increase 
m toughness during the first 24 - 36 hr postmortem? and 2) what causes the decrease in toughness after the first 24 - 36 hr postmortem? 
The answers to these questions, based on the two hypotheses listed at the beginning o f this review, are summarized in Fig. 2 and 3- 

ough it is generally believed that postmortem shortening causes increased toughness and that proteolysis is responsible for postmortem 
tenderization, the hypotheses summarized in Fig. 2 and 3 propose that as yet uncharacterized changes in the nature o f  the actin/my°sin 
interaction have a significant role both in postmortem toughening and in the large decrease in toughness that occurs before 72 hr postmortem 
(lug. 1). Also, although it is widely believed that proteolytic degradation o f the Z-disk is responsible for postmortem tenderization, recent 
evidence indicates that proteolytic degradation o f  costameres, intermediate filaments, and thin and nebulin contribute substantially »  
postmortem tenderization (Robson et al., 1991; Taylor et al., 1995a). Some o f  the reasons for believing that factors other than sarcome*
shortening or Z-degradation are important in postmortem toughening or tenderization, respectively, are summarized in the following t* 0 
sect ions.

W H A T  CAUSES THE INCREASE IN  TO UGHNESS D U R ING  TH E  F IRST 24 - 36 HOURS PO STM ORTEM ?

Following the initial seminal observation that shortening has profound effects on toughness o f excised muscle strips stored at differed 
temperatures (Marsh and Leet, 1966; Fig. 2), a number o f  groups reported that shortened sarcomere lengths were highly related to increased 
muscle toughness (see Davis et al., 1979; Herring et al., 1965, as examples). Other groups, however, found little relationship between

T ? ? , ™ ™ " /  f  t0ughness (see Culler aL> 1978; Parrish et a l., 1979, as examples). In a reexamination o f this question, Smulde* 
et al. (1990) found instances where muscles having sarcomere lengths o f  1.6 - 1.7 pm were among the most tender o f  the muscles examu^ 
in 67 animals. In light o f  this data it is difficult to conclude that there is a direct causative relationship between sarcomere length and 
tenderness, and Smulders et a l., (1990) suggested that the rate o f  postmortem glycolysis (low  pH at 3 hr postmortem) was a signifie2111 
factor affecting the relationship between sarcomere length and muscle toughness. I f  the muscle pH was 6.3 or less at 3 hr postmortem (raPld 
postmortem glycolysis), the correlation between sarcomere length and panel tenderness was 0.16 for the 48 animals tested. This observation 
c early shows that the increased toughness associated with shortened sarcomeres in some animals is not simply due to an increased masS
o f myofibrillar protein per unit o f  cross sectional area, as is commonly supposed, but that some other factor(s) must be involved. W*3' 
is this factor(s)?

The x-ray crystallographic structures o f  actin (Holmes et al., 1990; Kabsch et a l ,  1990) and o f the SI head o f  myosin (Rayme"1 
et al 1993b) have now been determined, and the nature o f  the interaction between actin and myosin has been ascertained at the molecu^ 
level by combining the crystallographic structures with "low  resolution" (30Â) electron denisty maps o f the actin/myosin complex

WHAT CAUSES THE INCREASE IN TOUGHNESS DURING THE FIRST 24-36 HOURS POSTMORTEM?

Â ! Changes in the Actin/Myosin Interaction. '  ‘  ~  “ ---------------------------------------------

1. The x-ray crystallographic structure o f the myosin "head", and reconstruction o f this structure with the crystallographic structure o f actin and 1°* 
resolution electron density maps o f the actin/myosin complex (Rayment et al., 1993a; 1993b) together with a variety o f other evidence have shown tW1 
there are at least two states o f the actin/myosin complex: 1) a weak-binding state; and 2) a strong-binding state

3' L h * ™ k"binding Sta,e corresP °nds to the M  A D P  P, /actin state, and the strong-binding state, which is the force-producing state, corresponds to 
M  ADP/actin or M/actin state (Lehrer, 1994). s  1

b. The high (1-5 m M ) A T P  and low (<  IpM ) free Ca2* concentrations in living or at-death muscle disfavor the actin/myosin interaction. As ATF 
concentration decreases and free intracellular Ca2* concentration increases in postmortem muscle, the actin/myosin complex is formed and shorten'»® 
occurs to the extent allowed by the position o f  the muscle on the carcass.

c. Does the M  A D P  P, /actin to M  ADP/actin or M/actin transition occur during the first 24-36 hr postmortem? Does the nature o f the nucleotide bou»d 
to M  change during postmortem storage and is this change related to tenderness? Is formation o f the strong-binding complex reversed after 24 - 36 
hr postmortem?

A  number o f experimental observations suggest that the actin/myosin interaction changes during postmortem storage, but the nature o f this change ^  
been largely unexplored and remains a mystery.

a. The M g2* -modified ATPase activity o f actomyosin increases during the first 24-36 hr postmortem and then decreases back to its at-death level af‘6f 
13 days postmortem (Fujimaki et al., 1965; Goll and Robson, 1967; Goll et al., 1970; Robson et al., 1967).

b. The rate o f superprecipitation o f actomyosin increases with increasing time o f postmortem storage (Arakawa et a l., 1970a; 1970b; Goll et al. , l97®'

D o these changes reflect changes in the actin/myosin interaction, and i f  so, are they related to changes in tenderness?

3. Relationship o f sarcomere length to tenderness:

a. Early results indicated that muscle seems to be most tender at sarcomere lengths o f 2.0 - 2.5 pm, less tender at sarcomere lengths o f 1-7 - 2.0 P1" ’ 

1966)tOUgh at SarCOmere lengths o f 15  " l-7pm , and then becomes more tender at very short sarcomere lengths o f  1.5 pm or less (Marsh and F66 ’

1) It was suggested that the decrease in tenderness as sarcomeres shorten from their resting length (2.3 - 2.5 pm) to 1 5 pm is due to an in crea^  
density o f the thick and thin filament lattice because 1.5 pm is the length o f thick filaments and is the sarcomere length at which myosin W *  
filaments extend from Z-disk to Z-disk.

2) A t sarcomere lengths shorter than 1.5 pm, thick filaments penetrate and disrupt the Z-disk structure, causing an increase in tenderness.
b. Subsequent studies, however, have shown that under some conditions, sarcomere length is not related to tenderness (Smulders et al 1990); her)C 

it is unlikely that there is a causal relationship between sarcomere length and tenderness.

Fig. 1. Proposed causes for the increase in toughness that occurs during the first 24-36 hours postmortem, and the evidence supporting this suggestion

2.
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WHAT CAUSES THE DECRASE IN TOUGHNESS DURING THE FIRST 24-36 HOURS POSTMORTEM?

g e n in g  o f the Actin/Myosin Interaction.^ning o f the Actin/Myosin Interaction. hr nostmortem this change may involve a partial and gradual
Several kinds o f indirect evidence suggest that the actin/myosin interaction changes afte ’  ’ 24 and 72 hr postmortem?
shifl fr°m a strong-binding to a weak-binding state. Could such a change cause the decrease in oug gtromer et al 1967; Takahashi et al., 1967;
a Rigor-shortened sarcomeres seem to lengthen slightly after 24 - 36 hr postmortem (Gothard et al., 1966, Stromer at.,

Wheeler and Koohmaraie, 1994). ,  7 j9V_ „ r  nostmortem storage than is needed to
Increasingly lower A T P  concentrations are needed to dissociate the actin/myosin complex a y

dissociate the actin/myosin complex from at-death muscle (Fujimakt et al., 1965). • fter 24 - 36 hr postmortem (Goll and
The M g2* -modified ATPase activity o f actomyosin decreases back to that o f actomyosm from at-death myosin after po

Robson 1967; Ouali and Valin, 1980; Robson el al., 1967). 

r̂ e n ,  with m-calpain causes a 20 - 30% increase in die M g2* -modified ATPase activity o f myofibrils; longer incubation with m-calpain causes the M g2* -

Brief tr ^ ^ >ase activity to decrease back to control levels (Suzuki and Goll, 1974).
Could oyPtic lreatment causes lengthening o f contracted myofibrils (Goll et a l.y 1971). h involving the N-terminus o f myosin LC1?

d S°me Of the postmortem changes in the actin/myosin interaction be the result o f very limited proteolysis, perhaps involving

B. ^
j ° l^ 1y*ic Cleavage o f Certain Cytoskeletal Proteins.

vering the connection o f titin and nebulin to the Z-disk. , _  , , , 10os^t i*i caused bv cleavage o f the long titin molecule near its
a' Conversion o f titin from the T1 to T2 form (Huff-Lonergan et al., 1995, Tay or e a ., , zdanis 1988' Huff-Lonerganet al., 1995;

N-terminus (the Z-disk end); much o f  this degradation occurs during the first 72 hr postmortem (Bandman and Zdanis, 198«,

*  »  p—  —  b d « » d  „  —  —  n  b  ,,9 i;
Taylor et al., 1995a).

degradation o f costameres and o f intermediate filaments that link myofibrils to the sarcolemiM and t o M C ^ ^ g  ^  ^gradation o f vinculin is related to 
a' Costamere proteins such as vinculin, dystrophin, and desmin are rapidly degraded in p

tenderness (Taylor et al., 1995a). . . and is lareelv degraded within 3 days postmortem
*)- Desmin is a principal component o f the intermediate filaments linking adjacent myofibrils

(Robson et al., 1991).

f e pains quickly convert titin from the T1 to the T2 form and rapidly degrade nebulin in myofibrils (Thompson el al 1993). 
O pa,U3 rapidly degrade dystrophin (Cottin «  al., 1992), vinculin (Goll el al., 1983b), and desmin (O 'S h ea *  «/., 1979).iapiuly degrade dystrophin (eottin ei ai.y vmtumi * . .nc

e> U seems likely that the calpains are responsible for the proteolytic degradation o f these cytos e p

* ^ d  causes for the decrease in toughness that occurs after the first 24-36 hours postmortem and some o f the evidence supporting these suggestions

eta l., 1990). This information has shown that, in the rigor (no A T P ) state, which was the only 

the h C?Uld obtained, at least four sites on the myosin head contact actin and that two a jacent ac ini m ^  addition to the
° uble stranded actin filament are involved in the actin/myosin rigor interaction (Raymen e a ., , • essential light

£ * ° n  sites listed in Table 1, recent studies have suggested that the N-terminus o f the myosin light chain 1 (the large g
‘ID 1 »h. . . • • 1 •. i___x .:_ ___m ono

uite,
chair,,—  Slles listed in fable 1, recent studies nave suggcaicu mm ------— —-

iqqy also be able to interact with actin after the initial myosin/actin contacts are made.

Table l
• Sites o f  interaction between myosin SI and actin*

Amino acid
Nature o f interaction

Corresponding amino acid 
residues in actin

(ifiterf b 647 (interface o f  50 - 
fta„7 ace o f 50 - and 20 kDa 

sthents)

Ionic interactions involving 5 Lys residues in 
SI and 6 COOH groups in actin; this is the 

"weak interaction"

Asp 1 - Asp 24

529 i
o f 5n '  Lys 553 ("low er" portion 

—  fragment)

Steric interaction involving hydrophobic 

residues

He 341 - Phe 352, A la 144 - 
Thr 148, and His 40 - G ly 42

'  Tyr 415 (loop in 50 kDa
Pro 332 - Glu 334

^  567 '  His 578 Flexible loop, a number o f  ionic residues 

involved

Tyr 91 - Glu 100 (in the second 

actin monomer)

UC1‘ ° f  this information is based on data from Rayment et al. (1993a)

¡Or r The x-ray crystallographic information together with a large number o f other studies (see Lehrer, 1994^  S<J“ ‘re’ nd°ne and the
¿ ecent reviews) have shown that at least two states o f  the actin/myosin interaction exist m living muscle ™
f i n d i n g  state. The actin/myosin interaction undergoes a weak to strong binding transition during

itiv0i8'binding state being the force-producing state. Moreover, the weak-to strong-binding transi ion is a g iye changes may ^
w  Ves both conformational changes in the myosin head and changes in the thin filament. Brie y, e pe 

^ 'zed  somewhat simplistically as follows;
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W H A T  CAUSES TH E  DECREASE IN  TOUGHNESS A FTE R  TH E  F IR S? 24 - 36 HOURS POSTMORTEM?

(PiJbf current evidence suggests that there are at least two causes for the decrease in muscle toughness following 24 36 hr

o f these, a weakening o f the actin/myosin interaction is related to the streng ^  ^  discussion outlining
thp ProP°sed to cause the increase in toughness observed during the first 24 - 36 hr (F g. , )■ - jittie
Z  * * * * *  for believing that the increase in toughness is due to changes in the actin/myosin interaction
[},„ 10n given to possible changes in actin/myosin interaction that would cause a decrease m toug ness a storage is indirect.

ev>dence that weakening o f the actin/myosin interaction causes a decrease in muscle toughness during pos

oft!* seems likely, however, that most o f  the decrease in toughness observed between 24 and 72 hr in Fig.
fira o actin/myosin interaction. First, the extent o f  this decrease seems to be related to the extent o f  Thjs ts that
ther ? llr’ i e - . a large increase in toughness is usually accompanied by a large decrease m toug ness 24 and 72 hr (Fig.

i f e ” " »  Li o f a reversal o f  ,he changes fha. caused , i n h e r i t  « t a c i

Se, ......................................................................

; e has been some kind o f a reversal o f  the changes that caused the toughness. I f  the decrease in tougimcss ^

,c 6re due to proteolysis, the extent o f this decrease would be approximately the same, regar ess ^  postmortem (F ig 1, 3).
, ,nd> a number o f studies have shown that rigor-shortened myofibrils lengthen slightly aftei-2  - ^  f f  .7 ^ 1  back

« ' • » * « » ' ■  w - sssuxsz  h , G lid in g
,o -unore, Herlihy et al. (1972) found that shortened myotiorns in mouse meeps u ,- , , , ,  -  flrromnanied by a sliding
5f i °  Wn in situ by extending the fore legs o f  the mouse. Electron microscopy showed that this s t r e t c *  VariablePamountyo f muscle 
i t l atnents ^  reappearance o f the H-zone in rigor-shortened muscle. Stretching was also accompanied y ^  discussed in the

i l SU88e^ g  that some fibers had a larger P o r t i o n  « f^ e ^ o n g -b in d m g  ^ J r" ^ ; " ^ / ^ ncen,rations o f A TP are required topr ‘ 86 suggesting that some fibers had a larger proportion o f the strong-binding actin myos n 1 f  ¿ Tp  required to
! S ing » « ¡ o n  Third, i, was shown a number o f years ago (Fujimaki ef al., 1965) that lower ^ p r i ^ r o m  myosin
irnrn 'ate the actin/myosin complex in myosin B (actomyosin) prepared from postmortem muse e during postmortem storage.

$ 5 idla,ely after death (p ig - 3 )- This observatlon again suggests that the aCtin/n!yOS‘n T ^ L t m o r t e m  decreases from the elevated 
actk, y’ *he M g2* -modified ATPase activity o f  actomyosin prepared from muscle after 24 - - 6 P ° Although the nature o f
th' !*y observS at 24 hr postmortem back to the activity o f actomyosin prepared from a,-death ™ s< ^ thpg^  has
b^hanges ,ha( cause ,hese aiterations in postmortem muscle is unknown, collectively they m ica «  weakening leads to a
>  affected and probably weakened after 24 - 36 hr o f  postmortem storage. It is reasonable to te l eve * a* ”  ¡ ' “ from
L y !?56 in toughness. Postmortem weakening o f the actin/myosin interaction could be cause y very ; SH groups or by
a l 567 t0 » i s  578 (Table 1), by cleavage o f  the N-terminus o f LC1 so it cannot contact actin, by
\ n !lbmation o f these and other Possibilities. It was reported a number o f  years ago that brief trypsin tream  ? avef , h o f
1 C o n tra c ted " by addition o f A T P  in vitro resulted in a lengthening o f the severely shortened ^  increase in the M g2* -

to an average length o f 1.7 pm (Goll el al.. 1971). Moreover, trypsin treatment for 1-2 min caused a

e t j  led ATPase activity o f  reconstituted actomyosin and greatly increased the rate ^  4 ™ ™ ° ! ! Iconstituted actomyosin. These
ck ■’ '971). Longer periods o f trypsin treatment resulted in a decrease in the M g -modi tec mvofibrils
¿ 8es are similar to A e  changes observed in postmortem muscle. After the discovery o f calpain was ^ X S ^ g e r
S  c iy purified calpain for 1-2 min causes a 25-35% increase in the M g -  -modified ATPase acUvhy

0f calpain treatment results in a decrease in M g -  -modified ATPase activity (Suzuki and V  m 3 c h ^ g e s  that occur
dl) yme O ogen o u s  to muscle is also capable o f  inducing changes in the properties o f  actomyosin that resemMe t h o s e g h 

>  Postmortem storage (Suzuki and Goll, 1974). Because the nature o f  the actin/myosin interaction in ^ “ hem 
dled in detail, it is possible at present only to speculate on the nature o f these changes and the factors that cause the .

Cleavage o f  Certain Cytoskeletal Proteins. «  . , , Qfi'rat and recent evidence
l J j t e t o n g  been believed that proteolysis has an important role in postmortem tender.zation (G o ll^ " / ’. ‘ ^  that occurs during
(he f- ° Wn the calpain system seems to be responsible for most o f  the proteolytic degra ation 0 rTly Tavlor et al 1995a) the

7-10 days postmortem (Goll e tu i ,  1970; 1983a; 1992; Koohmaraie, 1988; 1992; C orner ^

by wben most o f  changes in muscle toughness occur. Although the prevailing view sugges s a P ° during the first 7-10 days
i  aW in d u c e d  degradation o f the Z-disk, recent evidence has shown that the Z-disk remamsquite 
ftoo rtem . Myofibrils prepared by homogenization and used in the myofibril fragmentation
%  reak in the I-band area next to the Z-disk, even after 7 days postmortem (Tay or et a ., f  , d Qr near ,jle 2 -disk, 
aridT*rUCtUral changes in postmortem muscle are breaks or "tears" in the I-band area, often at e eve „  .. ™ V  ( j 1995a i 995b). 

d ]°sS o f the costamere structure, resulting in separation o f the sarcolemmal membrane from the myofibril (Taylor et a l., 1995a, l^ 5 D j.

recent ultrastructural observations together with Western blot analyses showing that costam er^r^eins such^as d ^  ^  ^

Co! dystr°phin and the giant cytoskeletal proteins, nebulin and titin, are rapidly degraded during po , , v ra]na;n_cieavasze
offu s ion  that proteolytically-induced tenderization in muscle is not the result o f Z-disk degradation but rat er is c y follows

sPecific cytoskeletal proteins (Huff-Longergan et al., 1995; Taylor et al., 1995a). These recent findings can be summarized

<je *' during the first 3-4 days postmortem, both costameres and N 2 lines are almost completely degraded in postmortem muscle. Costa 

8radation results in separation o f the sarcolemma from the myofibrils and may increase tenderness.

A11 o f the proteins known to constitute costameres are very susceptible to calpain degradation, and three o f  them, 
d V|nculin, are rapidly degraded during postmortem storage. Degradation o f these three protems occurs during 

structures are degraded (Taylor et a l 1995a).
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to smaller polypeptides and rapidly removes the N - t e S l l  o f  T  7 ^ °  the Z ' disk' CalPain raPidly degrades nebula
the connection o f  titin with the Z-disk (Thompson et «/ ^ 931 ^  ° f  A e  long titin molecule> thereby several
significantly weaken the myofibril lattice and would increase tendernir tu  m' T 601’0"  ° f  nebuHn and titin w i*  the Z-disk would 
molecules may coalesce in the I-band; calpains rapidly destroys S  i 2 me evidently is an area where the titin and neb#

o f the N 2 lme occurs at the same time that nebulin and titin are degraded6 t a ^ o r t e m  m S ie .1" ^  * * 1,0811110116111 d ^ P P ^

caused by^alpam tenderization that occurs during postmortem storage*

these two proteins to the Z-disk; and calpain cleavage o f  intermediate S S m  u U "  and titin’ destroying the attachments °f

connecting adjacent myofibrils within a muscle fiber rather than frank Z-disk degradat^o^ ^  deSmm ^  fOTm intermy ° fibrillar linkageS

CO NCLU SIO NS

rate o f  pH decline, osmolarity o f  muscle* S lk ^ te m ^ ra tu r?  a n d S ie t S fa c t o f  Mh“  'arge ° f  faCt° rs including rate o f  glycolys«5-
that these many factors exert their effects through a few  basic processP tors ,nherent t0 the animal, among others. It seems possible 

proporhon o f  myosin cross-bridges that are in a Strong-binding state and th ’ h n3tUre ° f  th® actin/my ° sin interaction, especially <he 
A im C n aVage ° f  certamcytoskeletal proteins that constitute thS costamemsthe subsequent -weiilkening o f  this interaction; and 2) calpain' 
Although postmortem proteolysis has been studied extensively the nature o f  ih ™ ^  / ®68’ andZ-disk/sarcomere connection*
received much attention. Studies such as determining the amount aSd ^  . f  . aCtln/r" yosm '"teraction in postmortem muscle has not 

the effect o f  A T P  on the interactions o f  actin and myosin from rostmortem" 110 ^  f°  my° Sm ‘n Postmortem muscle, learning 
cleavages o f  actin or myosin occur during postmortem storaae s h S i n H ^ l  l  i: and determining whether very limited p ro te c t*  
important role in postmortem tenderization. S d te whether changes in the actin-myosin interaction have an

AC K NO W LED G E M E NTS

ma„ UKrip, „  .  readab]e fonm t

muscle that was prevented from shortening during rigor and to Drs Knnh ■ prellminary data from his laboratory on tenderness of 
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