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Densitometric scans of SDS-PAGE, using 6.5% acrylamide, of lamb myofibrillar proteins showed that eight
k 6lIls °f a molecular size amongst that of a-actinin and myosin heavy chain were extensively degraded by incubation at optimum 

‘5 With ki ̂ pr both calpain I and II, and significantly slower by effect of postmortem aging. Three of these proteins were likely to be C
L ein and a-actinin. By effect of proteolysis several degradation peptides appeared also in this region; three of them have been
W  S bnmunoblotting to originate from an as yet unidentified protein of approximately 300,000 Da named G protein by 

lL« ñ a -  -

N m i c x i i M  . Postmortem changes undergone by low molecular weight muscle proteins may be considered as an index of 
W  at*°n> though most of them are not likely to have a direct relationship with myofibrillar structural changes involved in tenderness 
V  £ Staing et tth, 1985). These are to be accounted for presumably by degradation of structural proteins of higher molecular weight 
V iC 1988). Calpains I and II have been shown to be responsible for specific proteolysis of tropomyosin, troponin T,
W r̂°te*n. M protein, titin and nebulin, and have been involved too in the postmortem degradation of these proteins (Goll et al., 

e et al., 1986). However, there is still controversy about which proteases are responsible for high molecular weight proteins 
Postmortem storage. Cena et al. (1991) recently showed that a number of muscle proteins larger that 200,000 dalton were1tflgj. k^  y effect of aging or by in vitro incubation under optimum conditions with calpains I and II; titin, nebulin and two as yet 

Tl . eins possibly corresponding to filamin among them.

Myosin heavy chain (about 200,000 Da) are degraded during conventional postmortem storage, as well as to determine if 
'n v t̂ro t0  degrade to the same extent those proteins. Proteins showing a molecular size above that of MHC have been 

ttoti (Cena et al., 1991). We focussed also on the appearance of peptides within the same region following protein

et al-, 1991), which could correspond to filamin.

k V ,
aim °f this work was to study which myofibrillar proteins showing a molecular size within the range of a-actinin (about

" (trim.Etiological techniques were used in an attempt to relate degraded proteins to appearing peptides.

L * S
and METHODS. Myofibrillar proteins isolation. Muscle samples were obtained from Longissimus dorsi

Vi,
\  ^ at 4°C, from three month-old lambs. Myofibrillar proteins were isolated by the MFI method (Olson et al., 1976) at 2 hours 
V 6r daughter, boiled in SDS samples buffer (Porzio & Pearson, 1977) and stored at -20°C. Calpains and calpastatin 
\ i e n * and II and calpastatin were isolated from lamb Longissimus dorsi by ion-exchange chromatography according to 

a*- (1988). Myofibrillar proteins incubation with calpains and calpastatin. Myofibrillar proteins isolated by the 
W s ,\ ; after slaughter were incubated with either calpain I, calpain II or calpastatin, using incubation with EDTA as control, 

v>c and Ca2+ concentration (2.5 mM) and 25°C (calpain/myofibrillar protein ratio 1/200). At 1 and 5 hours of incubation 
O  to a^ess protein degradation, according to the method followed by Dayton et al. (1976). SDS-Polyacrylamide gel
\ l i

X Plí(7.

(to./ SDS-PAGE was performed according to Porzio & Pearson (1977) using 6.5% acrylamide. Approximately 0.5 mg of 
.  ̂ °n each gel and the samples were run for 1 h 30 min at 4 mA, then 5 h at 13 mA and 14 h at 4 mA at room temperature, in 

:t| 4 iti ^ ° nVenient separation of high molecular weight myofibrillar proteins (over 100,000 Da). Scans of gels. The gels were 
Nth. Stain*ng solution (25% methanol, 8 % acetic acid and 2 % glycerine), where they became straight and suitable for scanning, 

j ,nimunization procedures. Proteins corresponding to electrophoretic bands named by ourselves in a previous report
> . a*'’ 1991) were obtained from ninety unstained disc gels from prerigor lamb Longissimus dorsi samples. Antibodies were
. Vi) s- ^  Ejecting subcutaneously 0.7 mg of each protein emulsified with complete Freund's adjuvant. Injections were distributed
it» e s <°n rabbit back, according to Towbin et al. (1979). Booster injection of the same formulation but with incomplete Freund's 

°n day 30. Rabbit blood was extracted by cardiac punction on day 40. Western blotting procedure. Samples of§ÍVienV Protein .Eiiitf S Clt̂ er lncubated with calpains or stored postmortem at 4°C were first subjected to SDS-PAGE. Proteins were then 
**** Pitf Cê u ôse sheets for 30 min, according to the procedure followed by Towbin et al. (1979). Immunological detection of 

°Ce**U*ose- Nitrocellulose sheets were soaked in 5% ovoalbumin in physiological solution for 4 h at room temperature to
M ^  ̂  h r̂°te'n binding sites. They were incubated with antiserum appropriately diluted into 5% ovoalbumin in physiological serum 
V r*nse<̂  w*th physiological solution. Rabbit peroxidase-conjugated IgG preparations were used at a 1/200 dilution in

^  tl0n containing 3% ovoalbumin. Sheets were incubated for 2 h at room temperature and washed in physiological solution. 
tl0n’ sheets were soaked in a freshly prepared solution of 0.6 mg/ml 4-Cl-l-naphtol, 20% methanol, 0.1% H202 in 
l0ri for 1 5  min. Sheets were then dried using filter paper and stored protected from light.
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RESULTS AND DISCUSSION. SDS-PAGE using 6.5% acrylamide revealed that both calpain I and D w *
extensively degrading several proteins showing a molecular size between that of myosin heavy chain and a-actinin. As sho'v ̂  ̂ i
densitométrie peaks named I, II, III, IV, V (probably M protein), VI, VII (likely to be C protein) and VIII (a-actinin) were gr
when myofibrils were incubated with the enzymes at optimum conditions of pH 7.5, 2.5 mM Ca2+ and 25°C. These proteins i#<
faster by effect of calpain I than by calpain II; in the presence of the former, one hour of incubation was enough to TeSÛ tade‘>r  
degradation of peaks II, IV and VI (77.78%, 95% and 84.62%, respectivetly). The same proteins appeared to be naturally 7$ 
throughout postmortem meat aging. Nevertheless, this proteolytic effect was signiftcandy slower than direct incubation with c
were necessary to evidentiate peak area reductions by far lower than that obtained with calpains. However, in both cases su

hablV t0 0 6and even results presented here were difficult to quantify since new electrophoretic bands corresponding most prona j

TAPLE 1- Decrease of peak areas of lamb myofibrillar proteins SDS-PAGE densitométrie scans (expressed as percentage 
effect of either incubation (1 h) with calpains I and II or aging (7 days).

o f i n ^
,-ei)

K

PEAK RELATIVE MOBILITY* CALPAIN I CALPAIN II

I 122-124 37.50 50.63
II 125-127 77.78 24.73
m 130-134 59.21 52.07
IV 141-143 95 35.8
V 146-150 58.68 11.76
VI 154-156 84.62 41.10
vn 159-163 44.37 29.55
VIII 191-197 61.2 34.06

a g i N g

10

* Related to myosin heavy chain mobility (100).

■ s ib
peptides emerged at gel positions close to that of proteins being degraded, thus interfering correct densitometer readings-̂
protein degradation throughout aging as opposed to incubation with calpains is supported by a number of studies in w ■ in tellargest muscle proteins was scarce at low temperatures even after long times of storage, while they showed a much mo ¡oQ 
degradation at higher temperatures (Bandman & Zdanis, 1988). Dransfield et al. (1980) reported indeed that an increase •I»1

positively meat tenderness. storage ^
M protein is a component of .the M line, whose structure has been shown to be disrupted during postmortem ^

1973) and degraded by CAF activity (Dayton et al., 1976; Merdaci et al., 1983). C protein has been reported to be ^  ^  calpa’n S| 
aging too (Etherington, 1981). Dayton et al. (1976) showed that C protein of porcine skeletal muscle was also degm ^  fi>^
actinin is located at the Z line, and it has been shown to be removed from this structure during aging (Young et â ote0lydc 
Takahashi & Saito (1979) reported that removing of a-actinin caused the weakening of Z disks thus allowing their p calpjl  ̂
during postmortem storage. In agreement with our results, several researchers showed previously in other speCie ^ ga[idili;1
responsible for a-actinin degradation and Z line disruption (Merdaci et al., 1983; Takahashi et al., 1987). Hwan
demonstrated that Z line was also degraded throughout meat storage at 4°C, although very slowly. These facts have been W ■ hiy

J
with meat tenderness (Parrish, 1977; Takahashi et al., 1985).

As stated before, several unidentified bands appeared within the same molecular weight region at the same ^
th a 'P ’st°r

being degraded. Table 2  shows changes of peak densitométrie areas brought about by either calpain I, calpain II °r P° peak ^  J(f
.  . a n e w r  <1.0 .«of them (f, g, h and j) were coincident or very close to the position of former peaks I, II, III and VII; furthermore,  ̂cajp3)nl l c

evident between peaks IV and V. These peaks were clearly evident after 5 h of incubation with calpains, except peak g ygb
. . .  L ottie o* _ Stillr

i '1
days of aging, except peaks f and g. With a view to know if any of these emerging peptides originated from some  ̂ ^
weight proteins previously reported to be extensively degraded by calpains and during postmortem storage (Cena et ^  pr°16* ^  f /  
and G proteins (about 300,000 Da, possibly filamin) degradation using immunological techniques. F Protein, contrary^ ¿e^clC 
unfortunately to possess very little immunogenic ability, at least following the methods used, since no antibodies

j a b 1
jíiü

A Western blotting (Figure 1) of a SDS-PAGE gel of myofibrillar proteins incubated 24Fours with both calp ^  ĝjl 3$
G protein antibodies clearly demonstrated the appearance of three peptide bands resulting from degradation of G P10̂

■ J

V
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ibl* k

■ A

^ Vi„ ^ ilreas of lamb myofibrillar proteins SDS-PAGE densitométrie scans (expressed as the ratio peak area/MHC area) at selected
"HCUb;>ation with calpains I and II or aging.

RELATIVE CALPAIN I CALPAIN II AGING
MOBILITY* 1 h 5 h 1 h 5 h 2  h 7 d

122-124 0.035 0.135 0.039 0.113 0.131 0.096
125-127 0.014 0.071 0.070 0.051 0.153 0.130
130-134 0.031 0.169 0.058 0.127 0.124 0.240
144-146 0 0.141 0 0.073 0 0.128
159-163 0.079 0.502 0.093 0.393 0.125 0 .2 2 0

1'tyosj,ln heavy chain mobility (1 0 0 ).

FIGURE 1: Immunoblot of lamb Longissimus dorsi myofibrils incubated with 
calpain I and EL Western blot prepared from a 6.5% SDS-polyacrylamide gel reacted 
with anti-G protein antibody. Times of incubation: a) control with EDTA 5 h; b) 
sample with calpain 15 h; c) sample with calpain II5 h.

,s»f 4

Alfl

4ppg ,3C1 protein after incubation with either calpain I or II. These bands could well correspond, according to their relative 
i \  f6s 31108 Peaks previously named h, i and j (Table 2 ), that is to approximate molecular weights of 178,000, 158,500 and
h

r f c , ’ * " ' J  '  ------  —'  7 ------ ---------—r r ■  TT Wigiiii} V I A / U jW V j 1 W  U11U
frVely' ^  reacdve band 'n die region of 17-20,000 Da was also evident in both control and samples; it is possible that this 

♦ ^  ( J ’1’ G protein during myofibrils extraction of SDS treatment. Some of these bands could well correspond to peptides of
pj, Da rePorted by Merdaci et al. (1983) to originate following the degradation of rabbit myofibrils either incubated with* j ------------- --- V------ / —--- O------‘ ‘“ ft uv6iuuuuun v/1. 1UUUU Gill ICI illCUUcUCU Willi

'lt|ri"' e 5’ or aged at 5°C. Elgasim et al. (1985) found, too, several degradation peptides in the region of 140,000 Da by effect 
‘le»,. ^ y°fibrils at optimum conditions of incubation. The appearance of some peaks in the region of 130-140,000 Da by effect of

4 S :fr0tll' nls at 37°c  was also reported by Troy et al. (1986,1987). It is then demonstrated that all these degradation peptides seem 
1131 We named G protein, possibly corresponding to filamin. However, no relationship of the appearance of these peptides 
Ss has been as yet reported.

• Calpains I and II were found to be able to degrade extensively several large proteins (100,000 to 200,000 Da) 
es nenmyeci--M- • . .

\ . ePr°teins
i  "h, ^ r U11U " V1V lv;uuu uvgxauv vAivuMVCiy ocvcid i  idigu p iUlCJ.il̂ lw,UUU IO ZUU,UUU D SL)

n  6t n myofibrils were incubated at optimum conditions; some of these proteins are likely to be C protein, M protein and a-
■ H, 16 Prr™~;

0 f theni -  -----------------------------
•ttojp ave been demonstrated to originate from the degradation of an as yet unidentified protein (possibly filamin) of an 

r e u i a r , -  ■

I ------------------ » --- --- - w  v v  p v i v u i ,  H I p u i v i l l  (U1U
<uch l WCre s*10wn t0  be degraded following conventional postmortem storage, though proteolysis found after 7  days of 
of ̂  S mtense. The appearance of a number of degradation peptides in the same molecular weight region has been also

weight of 300,000.
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