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Background
T e n d e rn e ss  fo r  b e e f  is th e  m o s t  im p o r ta n t p a la ta b il i ty  c h a ra c te r is t ic s , to  a  la rg e  e x te n t, te n d e rn e s s  d e fin e s  th e  v a lu e  o f  b e e f  (B o le m a n  e t  al. 

1 9 9 7 ,H ill e t  a l .2 0 0 0 ) .T h e re  a re  m a n y  fa c to rs  a f fe c tin g  b e e f  te n d e rn e ss , su c h  as th e  q u a li ty (c ro s s - l in k a g e )  a n d  q u a n ti ty  o f  c o n n e c tiv e  t is su e , fa t  
d e p o s it  in  in tra m u s c u la r  t is s u e  (m a rb lin g  ) e tc . H o w ev e r, c o n s id e ra b le  e x p e r im e n ts  h av e  d e m o n s tra te d  th a t  i t  is  th e  d e g ra d a tio n  o f  m y o fib r i l la r  
p ro te in s  c o n tr ib u tin g  to  te n d e rn e s s  d u r in g  b e e f  a g in g  (W u lf  e t  a l. 1996 ,W h e e le r  e t  al. 1994 ). C o n s e q u e n tly , m o re  r e se a rc h  fo c u s  o n  m y o fib r il la r  
/c y to sk e le to n  p ro te in s  c h a n g e s  w ith  b e e f  p o s tm o r te m  s to ra g e , w h ic h  is  a  d isp u te d  q u e s tio n  u n ti l  now . K o o h m a ra ie  e t  a l. (1 9 9 6 )  a n d  D ra n sf ie ld  
e t a l (1 9 9 9 )  su g g e s te d  th a t  p -C a lp a in  p la y s  a  k e y  ro le  in  m y o fib r i l la r  p ro te in s  d e g ra d a tio n . H o w ev e r, T a k a sh i k o u ri e t  a l. (1 9 9 9 )  re p o r te d  th a t  
ca lc iu m , in s te a d  o f  e n d o g e n o u s  e n z y m e s , a lo n e  c o u ld  le a d  to  m y o f ib r i l la r  p ro te in  d e g ra d a tio n . S o m e  o th e r  re s e a rc h e rs  (C a lk in s  e t  a l. 1988 , 

M a rie  L a m a re  e t  a l.2 0 0 1 )  b e lie v e  th a t  ly s o s o m a l c a th e p s in s  a n d  p ro te o s o m e  m a y  a ls o  in v o lv e  in  b e e f  p o s tm o r te m  te n d e r iz a tio n .

Objective
T h is  s tu d y  w a s  p e r fo rm e d  fo r  th e  p u rp o s e  o f  u n d e rs ta n d in g  th e  d e g ra d a tio n  p a tte rn s  o f  p u r ifie d  m y o f ib r i l la r  p ro te in s  w h e n  in c u b a te d  w ith  

c a lc iu m  a n d  /o r  p -C a lp a in  u n d e r  s im u la te d  b e e f  p o s tm o r te m  c o n d itio n s , a n d  a s  a  re su lt ,  th e  m e c h a n is m  o f  b e e f  a g in g  ( te n d e riz a tio n ) .

Methods
M yofibrils p repara tion  M y o fib r ils  w e re  p re p a re d  f ro m  b o v in e  lo n g is s im u s  d o rs i w ith in  1 h p o s tm o r te m  fo llo w in g  th e  p ro c e d u re s  o f  

H u ffe r- lo n e rg a n  e t  a l. (1 9 9 5 ). P u rif ie d  m y o f ib r i ls  w e re  s to re d  in  so lu tio n  c o n ta in in g  5 0 %  g ly c e ro l, lO O m M  N a C l, 2 m M  N a N 3, a t  -3 0 °C .

p -C a lp a in , C a lp a s ta tin  p u r if ic a tio n  a n d  a c tiv ity  a s sa y  p -C a lp a in  w as p u r if ie d  a c c o rd in g  to  G e e n s in k  e t  a l. (1 9 9 9 )  w ith  m in o r  m o d if ic a tio n s . 
B rie fly , m u sc le  w as  tr im m e d  o f  v is ib le  fa t  a n d  c o n n e c tiv e  t is s u e  w ith in  l h  p o s tm o r te m  a n d  h o m o g e n iz e d  in  th re e  v o lu m e s  o f  e x tra c tio n  
b u ffe r(1 0 0 m M  T ris -H C l, p H  8 .3 , lO m M  E D T A , .0 5 % [v o l/v o l]  2 -m e rc a p to e th a n o l [M C E ] ,1 0 0 m g /L  o v o m u c o id , 2 m M  p h e n y lm e th y lsu lfo n y l 
f lu o rid e [P M S F ], a n d  6 m g /L  le u p e p tin ) . A f te r  c e n tr ifu g a tio n , th e  s u p e rn a ta n t w as  sa lte d  o u t b e tw e e n  0  a n d  4 5 %  a m m o n iu m  su lfa te  sa tu ra tio n , 
a nd  a f te r  b e in g  d ia ly s iz e d , p -C a lp a in  w a s  p u r if ie d  u s in g  su c c e ss iv e  c h ro m a to g ra p h y  o v e r  D E A E -s e p h a c e l(P h a rm a c ia  B io te c h  A B ), P h e n y l-  
se p h a ro s e (P h a rm a c ia  B io te c h  A B ), B u ty l- s e p h a ro s e (P h a rm a c ia  B io te c h  A B ), D E A E -6 5 0 S (S u p e lc o ) , S -3 0 0 (P h a rm a c ia  B io te c h  A B ). T h e  
a c tiv ity  o f  re s u lte d  p u r if ie d  p -C a lp a in  (F ig . 1 ,2 ) a n d  p a r tly  p u r ifie d  C a lp a s ta tin  w as  a s s a y e d  a c c o rd in g  to  K o o h m a ra ie  e t  a l. (1 9 9 0 ). F o r  
P re p a ra tio n  o f  p a r tly  p u r if ie d  C a lp a s ta tin , f ra c tio n s  c o n ta in in g  C a lp a s ta tin  a c tiv ity  w e re  p o o le d  a f te r  c o lu m n  D E A E -se p h a c e l, a n d  w as h e a te d  
' ° r  15 m in  a t  9 0 °C , a f te r  c e n tr ifu g a tio n , th e  s u p e rn a ta n t w as  c o n c e n tra te d  b y  p o ly e th y le n e  g ly c o l 6 0 0 0 , th e n  lo a d e d  o n to  S -3 0 0 .

Incubations  M y o fib r ils  w e re  w a s h e d  th re e  tim e s  in  a  m ix e d  sa lt so lu tio n  (M S S : 1 2 m M  N a C l, 12 .6  m M  M g S 0 4 7 H 20 ,  7 0  m M  K H 2P 0 4
3-4 m M  N a O H , 6 4 .2  m M  K O H , 11.1 m M  H 2S 0 4, 132  m M  L a c tic  a c id , 100  m M  T ris , 1%  M C E , a n d  1 m M T ris  w as  a d d e d  to  a d ju s te d  p H  to  
5 - 8 ,4 ° C )  fo rm u la te d  o n  th e  b a s is  o f  b e e f  p o s tr ig o r  c o n d itio n s . T h e  p ro te in  c o n c e n tra tio n  o f  th e  m y o fib ril  su s p e n s io n  w a s  d e te rm in e d  u s in g  th e  
b iu re t assay . A lto g h te r , s ix  t r e a tm e n ts  w e re  d e s ig n e d , m y o f ib r il  c o n c e n tra tio n  in  ev e ry  in c u b a tio n  so lu tio n  w a s  a d ju s te d  to  5 .8 m g /m l b y  d ilu tio n  
Using M S S , a n d  th e  re a c tio n  v o lu m e  w a s  2 .5 m l. S ix  tre a tm e n ts  a re  as  fo llo w s:

(1 ) m y o fib ril  (5 .8 m g /m l)  (2 )  (1 )+  C a lc iu m  (lO O m M ) (3 ) (2 )+  le u p e p tin  (6 0 m g /m l)
(4 ) (2 ) +  le u p e p tin  (1 2 0 m g /m l)  (5 )  (2 )+  p -C a lp a in (0 .1 5 U )  (6 ) (5 ) + C a lp a s ta tin (0 .6 U )

SD S-PAG E  A f te r  b e in g  in c u b a te d  fo r  I d ,  14d , 3 0 d , a t  5 °C  re sp ec tiv e ly , th e  re a c tio n  m ix tu re s  (4 0 0 u l)  w e re  c e n tr ifu g e d  a t  6 ,0 0 0  g max f o r 5 
u u n . th e  p e l le t  w a s  d is s o lv e d  u s in g  2 0 0 u l S D S -P B S (2 % S D S , lO M m  N a 3P 0 4, p H  7 .0 ) , th e n  lOOul sa m p le  b u f fe r  (3 m M  E D T A , 3%  g ly c e ro l, 
30rnM  T ris -H C l, 0 .0 5 %  B ro m o p h e n o l b lu e , p H 8 .0 )  a n d  2 0 u l M C E  w e re  ad d ed . lOOul sa m p le  a n d  lO ul M C E  w e re  in c o rp o ra te d  in to  th e  
su p e rn a tan t. S a m p le  w e re  e le c tro p h o re s ie d , a f te r  b e in g  h e a te d  fo r  2 0 m in  a t  5 0 °C . S o m e  g e ls  w e re  s ta in e d  b y  c o m m a s s ie  b lu e  , th e n  d e s ta in e d  
Using d e s ta in in g  so lu tio n , o th e rs  w e re  u s e d  fo r  w e s te rn  b lo tt in g .

Western b lo tting  P ro te in s  w e re  e le c tro p h o re tic a l ly  tra n s fe r re d  to  P V D F  m e m b ra n e s  (R o c h e )  fo r  1 .5h  a t  4 ° C  a n d  3 0 0 m A  in  b u ffe r  
c° n ta in in g  2 5 m M  T ris ,1 9 5 m M  g ly c in e , a n d  15%  m e th a n o l u s in g  se m id ry  tr a n s fe r  u n it. T o  p re v e n t n o n sp e c if ic  a n tib o d y  b in d in g , m e m b ra n e s  
'Vere  b lo c k e d  w ith  5 %  n o n fa t  d ry  m ilk  in  T ris  b u ffe d  sa lin e  (p H 7 .4 )  c o n ta in in g  .0 5 % T w e e n -2 0  (T T B S ) f o r  2 .5 h . P r im a ry  a n tib o d y  u se d  in  th e se  
exP e rim e n ts  in c lu d e d  m o u s e  a n t i - tro p o n in T  m o n o c lo n a l a n tib o d y  (JL T -12 : 1 :2 0 0 0 , S ig m a ). T h e  se c o n d a ry  a n tib o d y  w a s  a lk a lin e  p h o s p h a ta s e  
c o n ju g a te d  a n ti-m o u s e  Ig G  (P ro m e g a , 1 :7 0 0 0 ). A n tib o d ie s  w e re  d ilu te d  in  b lo c k in g  b u ffe r , a n d  in c u b a tio n s  w e re  f o r  l h  a t  ro o m  te m p e ra tu re  
With g e n tle  ro c k in g . M e m b ra n e s  w e re  w a s h e d  th re e  tim e s  w ith  T T B S  a f te r  e a c h  in c u b a tio n . A n tib o d y  b in d in g  w as v isu a liz e d  b y  e x p o s u re  to
BCIp/NBT(Roche).

Results and D is c u s s io n

^  A fte r  in c u b a tio n  fo r  I d ,  3 0 K D a  d e g ra d a tio n  p o ly p e p tid e  a p p e a re d  in  tre a tm e n t 5 , so m e  d e g ra d a tio n  w as a ls o  o c c u r re d  fo r  d e sm in (F ig .3 ,A ) .
Uh th e  in c u b a tio n  t im e  e x te n d e d  to  7 d , 3 0 K D a  d e g ra d a tio n  p ro d u c ts  b e c a m e  m o re  c le a r  in  tre a tm e n t  5 , m e a n w h ile , 3 0 K D a  p o ly p e p tid e  a ls o  

aP p ea red  (F ig .3 B )  in  tre a tm e n t  6 . W h e n  in c u b a te d  f o r  3 0 d , m o re  3 0 K D a  d e g ra d a tio n  p ro d u c ts  a p p e a re d  in  tre a tm e n ts  5 , 6  c o m p a re d  to  th e  
Sa,Tle tre a tm e n t in c u b a te d  f o r  3 d , 14 d  re sp e c tiv e ly . A t th e  s a m e  tim e  d e s m in  a lm o s t  d is a p p e a re d  in  th e s e  tw o  tre a tm e n ts . H o w ev e r, th e re  w e re  
n ° t  p ro te in  d e g ra d a tio n  d if fe r e n c e s  in  o th e r  tre a tm e n ts  d u r in g  in c u b a tio n  p e r io d s , a n d  th e  a p p e a ra n c e  o f  3 0  K D a  d e g ra d a tio n  p ro d u c ts . T h e  
re su lts o f  w e s te rn  b lo tt in g  o f  tro p o n in T  (F ig .4 A ,B )  a ls o  in d ic a te d  th a t  p -C a lp a in  c o u ld  d e g ra d e  t ro p o n in T  to  3 0  K D a  o r  s m a lle r  m o le c u le s  

even  in  tre a tm e n t w ith  m o re  C a lp a s ta tin  a c tiv ity . T ro p n in T  d e g ra d a tio n  f ra g m e n ts , e sp e c ia lly , 3 0  K D a  p o ly p e p tid e  is  c lo s e ly  r e la te d  to  b e e f  

P o stm o rtem  te n d e rn e s s  a n d  c a n  b e  u s e d  a s  a  re lia b le  te n d e rn e s s  p re d ic to r  (G e e n s in k  e t  a l. 2 0 0 1 , B a su  e t  a l. 2 0 0 2 ). D e s m in  d e g ra d a tio n  is
also P o s itiv e ly  re la te d  to  b e e f  te n d e rn e s s . In  th is  e x p e r im e n t, c a lc iu m  a lo n e  c o u ld  n o t d e g ra d e  t ro p o n in T  o r  d e s m in  u n d e r  s im u la te d  b e e f
Postmortem conditions, which suggested that ,to a large extent, p-Calpain is responsible for beef postmortem tenderization.
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Conclusions

T ro p o n in T  a n d  d e s m in , tw o  im p o rta n t m y o f ib r i l la r  c o m p o n e n ts , w h e n  in c u b a te d  fo r  3 d , 14d, 3 0 d  re sp e c tiv e ly  w ith  c a lc iu m  a n d  p u rified  
p -C a lp a in  u n d e r  b e e f  p o s tm o r te m  c o n d itio n s , w e re  d e g ra d e d  to  s m a lle r  f ra g m e n ts . T h e se  f ra g m e n ts  a re  c lo s e ly  r e la te d  to  b e e f  te n d e rn e ss  
H o w ev er, c a lc iu m  a lo n e  c o u ld  n o t d e g ra d e  t ro p o n in T  o r  d e s m in . T h e re fo re , I t  is  c o n c lu d e  th a t  p -C a lp a in  p la y  a  k ey  ro le  in  b e e f  te n d e r iz a tio n  
a n d  c a lc iu m  a ffe c t b e e f  a g in g  in d ire c tly  b y  a c tiv a tin g  p -C a lp a in . ’ j
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Figl.Purification of p-Calpain 
from bovine longissimus 
muscle.First to seven lanes: 
soluble extract, Ammonium 
sulfate fractionfP^), DEAE- 
sephacel, Phenyl-sepharose, 
Butyl-sepharose, DEAE-TSK, 
SepharyceI-300, proteins were 
resolved on 12.5% gel.

Fig2. Casein zymography of calpains at differenl 
purification steps.
1.soluble extract; 2 .Ammonium sulfate fraction 
(PM5); 3,4. DEAE-Sephacel; 5.Phenyl-sepharose; 
6.ButyI-sepharose;7.DEAE-TSK;8.S-300
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Fig.4. Western blotting (12.5%) of tropomin-T degradation 
products.
A, B indicate two different incubation periods (1, 14, days).l, 2, 
3, 4, 5 and 6 represent samples from pellet fraction; 7, 8 , 9, 10, 
11 and 12 from supernatant fraction respectively.
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Fig-3- SDS-PAGE (12.5%) from six reaction mixtures, A,B and C indicate three incubation periods (1, 14, 30 days respectively). 1 
represent samples from pellet fraction, 7, 8 , 9, 10, 11 and 12 supernatant fraction respectively. Std is the molecular standard lane
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