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summary-
frorr) " e scanning trace from S D S  electrophoresis of myofibrillar proteins

r^at 6 ln*1'k 'tor’treated meat was subtracted from the one of the calcium-treated 

Protein ^  m°St marked chan9es were the decrease of 175, 145, 98, 44, and 41 kDa 

Proteins showed 58 -4, 45.8, 65.1, 23.2, and 9 0 %  reduction in peak area; these 

rpc* W0LJld correspond to myosin, protein C, a-actinin, actin, and troponin T
esPective|v nth •

of igg iner imPortant changes were the appearances of new un-identified peaks

tha, thg160’ 56, 37, 32, and 29 kDa mo|ecular weight proteins. These changes suggest 

prote0( a*c'urT1 'ons activated the calpains, most probably calpain II, and accelerated the 

ysis which occurs during ageing of meat.

INtroo
hurnbe Chemical and microscopic studies have shown that, during ageing, a

being th °f dlStinct chan9 es occur within the myofibrillar structure, the most notable 

leart.v *°SS °* ^  disc *n ê9 rity and the appearance of gaps at the same structural level 

neutra| SrUption of these structures- Cathepsins B and D and the calcium-activated 

rny0,ib . P oteina se s (Calpains) are the only proteolytic enzym es which degrade 

Di,ferentar Pr° ,eins and mimic the chan9 es found in conditioned meat (Penny,1980). 
char|ge *1emica* and physical techniques have been used to follow the structural 

study jb n fT1eâ  during ageing. The use of SD S -P A G E  has become the usual method to 

aut°lysis e StmCtural changes in myofibrillar proteins associated with post-mortem 

1977) j ’ Since il first demonstrated the disappearance of Troponin T (Olson et al., 

hav6 a(s aSSociation with the appearance of the 30 kDa component. S D S -P A G E  studies 

(Pgrb , demonstrated that Calpains produce degradation in the myofibrillar component

977; Slinde and Kryvi 1986), and that desm in and a-actinin are
si9nific ’ ----------------  C

^ hydrolysed in post-mortem muscle| 0|*fy*
! r®i it is known that calcium salts produce tenderisation of meat but the 

the Pub'8171* aS Wel* 3S the 6ffeCt 00 the meat s,ructure’ have not been studied. Most of 

,r8s

°nS ° n prote'n Prof'*e of beef myofibrils prepared from calcium-treated 
io compare it with the unaged meat.

^han

^trrie WOrk on degradation of meat proteins has been carried out by enzyme 

C8IC|U • °f iS0la,ed my°hbrils. The present work was carried out to study the effect of



old bovin65M A T E R IA L S  A N D  M ET H O D S: Sem itend inosus  muscles from 18 month 

were excised at 24 h post-mortem and cut into 30 mm thick slices across the fibre
axis-

of striP5 

mNi 
oflitre

Each slice was cut into 30x20x4mm strips along the fibre axis, and 100 g

were soaked in 250 ml of tris-maleate buffer with a final salt concentration of 10(5

and pH 5.5. To inhibit spoilage, 2 ml of 0.1 M sodium azide were added Per

soaking solution. The solutions also contained either 30 mM calcium chloride or 0-- hibit°
calpain peptide inhibitor (N-acetyl-leu-leu-norleucinal). At 18 pM in 

concentration calpain II is partially inhibited and at 40 pM  calpain I is also 

The strips were stored at 10°C for 1 day when samples were taken for 

preparation and S D S -P A G E  analysis were carried out.

S o d iu m  d o d e c y l  s u l fa te -p o ly a c r y la m id e -g e l  e le c t r o p h o r e s is  (SDS
S D S -P A G E  of the myofibrillar proteins in the presence of 0 .2%  S D S  was pe

rnM

inhibit60'

my°,ibril

-PA6̂ '
rforrned

4°/°
using the system of Laemmli (1970) with some modifications. The stacking gel waS

rati°

mix6(w/v) acrylamide and the resolving gel 1 1 %  (w/v) acrylamide with a

acrylamide to bisacrylamide of 30:1. The pellets of myofibrillar protein were
oo/ sds>

with equal volume of 0.1 M tris-glycine buffer, pH 8.8 containing 8 M urea, ¿ /0 xh®5
mM EDTA, and 5 mM DTT (sample buffer) and heated at 60°C for 30 mm- ^ 

solutions were dialysed overnight against 0.025 M tris-HCI, 0 .02%  S D S  and 2 

mercaptoethanol, pH 7.4 (dialysing buffer) at 2°C. The dialysates were dilo

sample buffer to a final protein concentration of approximately 1 mg/ml and 201°
2200

glycerol. 75 pg protein samples were loaded into each gel slot. After loading. ^poUr<
the

elof running buffer (0.124 M tris, 0.934 M glycine and 0 .5%  S D S  pH 8.3) were

into the electrophoresis chamber, and tap water was circulated to keep |

temperature low during the experiment. The electrophoresis was run at a maxih111

300 V or 50 mA per gel in a Bio-Rad gel electrophoresis apparatus (Bio-Rad Lab- ^

U.K.) with a constant current power supply (Pharmacia fine chemicals) attached

The gel was run until the front reached 1 cm above the gel edge. The gels were

overnight in 4 0 %  methanol, 1 0 %  acetic acid and 0 .0125%  Coom asie Brilliant ^

After clearing the excess stain with a wash of 4 0 %  methanol and 1 0%  acetic acid ^

hours, the gels were photographed and scanned subsequently in an Ultroscan XL En  ̂ ^

Laser Densitometer (LKB Produkter AB, Bromma, Sweden). The scanning data c° p

by the Laser Densitometer was analysed with the GelScan X L ™  Software Package .
madeaP

Produkter AB, Bromma, Sweden). Comparison of the data of two gel scans were ni« 

an automatic scan-to-scan subtraction was performed on the calcium and inhibit0 ^  

The data resulting from the integration calculations was printed out in tabula*0^  ^  

plotted form. To simplify the comparison each scan was scaled and moved in b°tb 

and 'Y ' axes as well as altered to eliminate known artefacts.



0,ecular weight m arkers: One or two slots per gel were loaded with 20  pi SD S -  

P °tein markers from a pre-stained solution containing either a mixture of bovine 

bumin, egg albumin, glyceraldehyde-3-phosphate dehydrogenase, carbonic anhydrase, 

^Vpsinogen, trypsin inhibitor, and a-lactalbumin, which molecular weights are 6 6 , 

’ 29, 24, 20.1, and 14.2 kDa respectively; or a mixture of a2 -m acroglobulin,

9alactosidase, fructose-6 -phosphate kinase, pyruvate kinase, fumarase, lactic 

84 ydro9enase and triosephosphate isomerase which molecular weights are 180, 116, 

’ ^8 , 48.5i 36.5, and 26.6 kDa respectively. The relative mobilities of the markers 

th 6 a9 amst tt,e*r molecular weight and the best fit drawn by hand and used for

estimation of the protein molecular weight.

^ ^ U L T S :  The densitométrie profiles of the calcium and the inhibitor treated samples 

ay  ̂ stora9e are illustrated in the Figure 1 . To demonstrate the effect of calcium, the 

e tor inhibitor was subtracted from that of calcium and the results are shown in thetower
Part of Figure 1 . This Figure indicates that some new proteins appeared after

kin9 'n calcium for 1 day, as it can be observed in the lower curve (peaks at 166,I 60 0-7
’ • 37, 32 and 29 kDa), whereas other myofibrillar protein decreased (myosin,

protein o  .. .
Th a  ac inin’ ac în and ^oponin T) with calcium treatment.

I Peak areas given by the gel scanning densitometer were used to quantify the changes

P otein content and they are presented in the Table 1. The major changes observed in 
the nrnt •
(145 l0in Pr0f' le were the decreases in the Proteins of myosin (175 kDa), protein C

175 kDa ’̂ “’actinin *98 kDa ’̂ actin <44 kDa)- and Iropoom T (41 kDa). Peak at

kDa was decreased by 58.4%  after calcium treatment, the other decreases were
45.8 gc
pe * ' ^  anp 99-9 0//° reducli°n ln Peak area respectively. The appearances of 

of 166, 160, 56, 37, 32 and 29 kDa molecular weight proteins occurred only in

^ ciur» treatment.
decrease of a-'actinin and troponin T, and the appearance of new peaks of 37, 3?., and 

29 kr\a
molecular weight observed in the gel scans were also readily seen in the stacied 

*s (hot shown).

^ C U S S IO N :  The changes found in the protein profile of the control as well as the

um-treated meat, a s analysed by SD S -P A G E , were obviously the result of post- 
•nortem

proteolysis of the myofibrillar components. In the present experiment, the

0 did not show major changes in its protein profile at 1 day storage, and was 
Sirnjl^r «
I Q 0 that of the inhibitor-treated meat, thus the myofibrils of the meat soaked in

1 0r were used as a reference of unaged meat. Several major changes in the 

1 Pilar pattern were detected at subsequent times and the patterns were compared

1 8 1



by subtracting the inhibitor trace from the calcium-treated meat trace. These indicated 

that the myofibrillar proteins of 175 and 145 kDa, which would correspond to my°sl 

and protein C  respectively, were degraded and could have produced, after 1 day soakM
teolyslS'

which
in calcium, the new proteins of 166, 160, and 56 kDa as a result of pr°

Changes in low molecular weight proteins were also detected. The 98 kDa protein
would be expected to be a-actinin, showed 65.1%  degradation, whereas the 44 k

protein, most probably actin, showed 2 3 %  proteolysis. The most marked decrease• t since
found in the 41 kDa protein which could be attributed to proteolysis of troponin i - 

that protein is known to be greatly degraded during ageing. The new 37 kDa peptide c 

be a previously unidentified product of troponin T degradation, or it may be the sameThe 
o f ^

of

at

the 30 kDa component observed by many others (MacBride and Parrish, 1977) 

other two new products (29 and 32 kDa) might be the degradation products 

myofibrillar protein of higher molecular weight.

The results of this experiment are in line with the findings of others. The appearance 

new bands of 27 and 30 kDa was observed by Troy et al. (1986) after storing bovine 

L o n g iss im u s  dorsi at 37°C for 24 h, they also reported that these bands appear 

earlier time post-mortem in electrical stimulated meat (Troy and Tarrant, 1987)- 

Although there is no direct evidence of the effects of calpain II on the muscle struct^6,
at

the findings of the present study suggest that the proteolytic effect of calpains a 

calcium levels, most probably of calpain II, produced the changes observed in 

myofibrils since they were not present in the control- or inhibitor-treated rne 

Calcium effects on myofibrils have been observed by Slinde and Kryvi (1986) 

found disintegration of myofibrils by purified calpains in presence of 10 mM ca*c'  ̂

chloride, and their results may suggest that calpain II could be the enzyme ac*iv/a

andunder the conditions of that experiment.

Changes in the large proteins of the muscle have previously been reported. Locket ^

Wild (1984) found disappearance of nebulin (500-600 kDa) after 2 days stora9e

ovine Longissim us dorsi at 15°C, whereas new bands of high molecular weight (
♦ 37̂ '

76, 85 kDa) were also observed in beef by Troy et al. (1986) after 6 h storage a1 J 

Although it has been reported that myosin proteolysis does not take place during ageingten*
a*
the
iia*

meat at chilling temperatures (Koohmaraie, 1988), some reduction in myosin c0f] 

by calcium was observed in the present experiment. The explanation could be 
enhancement of calpain II activity, which would not be active In normal ageing. °r 

higher temperature of storage (10°C) which had enhanced myosin proteolysis. 

results were found by Bechtel and Parrish (1983) who observed degradation of ^  

when storing ground beef for 7 days at 37°C. They also found that 10 mM ca C ^ e 

chloride produced more intense degradation of myosin than the control at the 5

storage time. Degradation of myosin has also been attributed to proteolysis by catheP

182
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in

hich has been found to be very effective in hydrolising that protein (Okitani et at.,

the ' *3Ut tflÍS 0)068 n0t account for ,he degradation of proteins, including myosin, in
presence of calcium ions and inhibition of the degradation in the presence of calpain 

'nhibitor.

 ̂ nclusion, calcium chloride accelerated myofibrillar degradation and it produced, 

day at 10°c - changes which are comparable to those of fully aged meat.
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Table 1. Changes in protein profile due to calcium addition

S D S  gels of bovine Sem itendinosus myofibrils from meat treated with 0.1 mM 
calpain peptide inhibitor or 30 mM calcium chloride for 1 day at 10°C were 
scanned and subtracted. The molecular weights were estimated from the 
protein relative mobility. The change (calcium-inhibitor treatment) of each 
protein is expressed as the percentage of the total peak area from the gel 
scanning trace.

Relative 
M obility  
( Rf )

Estimated
Molecular
Weight

Protein Change
( % )

0 .09 1 75 Myosin 58.4
0.10 1 6 6 New + oo
0.11 1 6 0 New + oo
0 .13 1 4 5 Protein C - 45.8

0.21 9 8 a -ac t in in - 65.1
0 .35 5 6 New + oo
0 .54 4 4 Actin - 23.2
0 .58 41 Troponin T - 90.0
0 .62 3 7 New + OO
0 .70 32 New + oo
0 .74 2 9 New + oo
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Figure 1 Densitometrie scan of the SDS gel

lntl'bitor °f ^°vine Sem itendinosus myofibrils from meat treated with 0.1 mM calpain 
subtr°r 30 mM calcium chloride were scanned and subtracted. The result after 

riUrVe) inri'Ctl° n is Presented in ,he ,ower Part °f the graph. The horizontal line (lower 
Jsappear,ca‘es the y  zero position, the peaks above that line represent decreases or 
t a*>s ref3nCeS ^  anc* *he ones he,ow indicate appearances (+) of new protein bands. 
F(Jll Seal 6l/S ,0 mi9 rat'on distance in mm and Y  axis represents Absorbance Units 
frbitrary 6 which range is selected between 0-4 A.U.F.S. (these units are
U|,raScan ^  tfle selected sca,e is equivalent to an analogue signal of 0 to 1 volt in the
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