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ACTIVITIES OF THE CALPAIN SYSTEM ARE STABLE DURING FROZEN STORAGE
OF MEAT AT -20°C AND -80°C
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Background
M e a t sa m p le s  u s e d  in  r e s e a rc h  a re  o f te n  s to re d  f ro z e n  fo r  v a r io u s  t im e  p e r io d s  b e fo re  e .g . d e te rm in a tio n  o f  e n z y m e  a c tiv ity  o r  

se n so ry /in s tru m e n ta l  d e te rm in a tio n  o f  e a t in g  q u a lity . L a rg e r  sa m p le s  fo r  W a rn e r -B ra tz le r  s h e a r  fo rc e  d e te rm in a t io n  a re  ro u tin e ly  s to re d  a t 
-2 0 °C  a n d  s m a lle r  s a m p le s  fo r  d e te rm in a t io n  o f  th e  c a lp a in  s y s te m  a t  -8 0 °C . K o o h m a ra ie  (1 9 9 0 )  re p o r ts  th a t  th e  a c tiv itie s  o f  p -c a lp a in  an d  
m -c a lp a in  a re  s ta b le  a t  -7 0 ° C  fo r  6  w e e k s  s to ra g e  w h ile  th e  ac tiv ity  o f  c a lp a s ta tin  d e c re a s e s  d u r in g  f ro z e n  s to ra g e . O n ly  4 5  %  o f  th e  o r ig in a l  
a c tiv ity  o f  c a lp a s ta tin  c o u ld  b e  m e a s u re d  a f te r  6  w e e k s  o f  f ro z e n  s to ra g e . T h e  in s ta b il i ty  o f  c a lp a s ta tin  a c tiv ity  d u r in g  f ro z e n  s to ra g e  h a s  a lso  
b een  o b se rv e d  b y  W h ip p le  a n d  K o o h m a ra ie  (1 9 9 2 )  a t -3 0 °C  fo r  4  w e e k s  a n d  b y  D u c k e tt  e t  al. (1 9 9 8 )  a t  -2 0 °C  f o r  6  w e e k s . T h e  m e c h a n is m  
u n d e r ly in g  th e  re p o rte d  in s ta b il i ty  o f  c a lp a s ta t in  in  f ro z e n  m e a t is n o t u n d e rs to o d .

O b je c t iv e s

T o s tu d y  th e  s ta b il i ty  o f  p -c a lp a in , m -c a lp a in  a n d  c a lp a s ta tin  a c tiv ity  d u r in g  p ro lo n g e d  f re e z e  s to ra g e  a t -2 0 ° C  a n d  -8 0 °C .

Methods
O n e  p o rc in e  long issim us d o rs i  w a s  o b ta in e d  f ro m  a  lo c a l s la u g h te rh o u s e  45  m in u te s  p o s t-m o r te m  (P M ) a n d  t r a n s p o r te d  to  th e  lab . 

A p p ro x im a te ly  2 h o u rs  P M  th e  m u s c le  w a s  c u t  in to  sa m p le s  o f  2  c m 3. U s in g  tw o  r a n d o m  sa m p le s  th e  a c tiv itie s  o f  p -c a lp a in , m -c a lp a in  an d  
c a lp a s ta tin  w e re  d e te rm in e d  (d a y  0 ). T h e  r e m a in in g  sa m p le s  w e re  f ro z e n  in  l iq u id  n itro g e n . T h e  f ro z e n  sa m p le s  w e re  m ix e d  th o ro u g h ly  
an d  d iv id e d  in to  tw o  b a tc h e s  w h ic h  w e re  s to re d  a t  e i th e r  -2 0 °C  o r  -8 0 °C  fo r  2 0  w e e k s . N in e  tim e s  d u r in g  th e  s to ra g e  p e r io d  a  sa m p le  w as 
ra n d o m ly  s e le c te d  f ro m  e a c h  b a tc h  fo r  d e te rm in a t io n  o f  e x tra c ta b le  a c tiv ity  o f  p -c a lp a in , m -c a lp a in  a n d  c a lp a s ta tin . A c tiv ity  m e a s u re m e n ts  
° f  e n z y m e s  a n d  in h ib ito rs  w e re  m a d e  a c c o rd in g  to  K r is te n s e n  e t  al. (2 0 0 2 ). C a lp a s ta tin  a s s a y s  re q u ire  th e  u s e  o f  p a r t ia l ly  p u r if ie d  m -c a lp a in . 
T h e  p u r if ic a tio n  p ro c e d u re  c o n s is t  e s s e n t ia l ly  o f  tw o  s te p s :  s e p a ra tio n  o f  c a lp a s ta tin  f ro m  c a lp a in  u s in g  a  h y d ro p h o b ic  in te ra c tio n  c o lu m n  an d  
a f te rw a rd s  se p a ra tio n  o f  p -c a lp a in  an d  m -c a lp a in  u s in g  a n  io n e x c h a n g e  c o lu m n . A  s to c k  s o lu tio n  o f  p a r tia l ly  p u r if ie d  m -c a lp a in  w as p re p a re d  
th e  fo re g o in g  w e e k  a n d  s to re d  a t 4 ° C  in  5 0  %  g ly c e ro l. B e fo re  m e a s u r in g  th e  a c tiv ity  o f  c a lp a s ta tin  in  th e  sa m p le s , th e  a c tiv ity  o f  th e  m -c a lp a in  
s to c k  so lu tio n  w as  d e te rm in e d  a n d  th e  so lu t io n  w a s  d i lu te d  to  g iv e  a n  a c tiv ity  o f  0 .2  U /m L  w h ic h  w a s  u s e d  fo r  th e  c a lp a s ta tin  assay .

R e s u l ts  a n d  D is c u s s io n

Figure 1 p re se n ts  th e  a c tiv it ie s  o f  th e  c a lp a in  s y s te m  d u r in g  f ro z e n  s to ra g e  a t  -2 0 ° C  a n d  -8 0 °C . N o  d if fe re n c e  se e m s  to  e x its  b e tw e e n  th e  
tw o  s to ra g e  te m p e ra tu re s  fo r  a n y  o f  th e  th re e  c o m p o n e n ts  o f  th e  c a lp a in  sy s tem . T h e  e x tra c ta b le  a c tiv ity  o f  p -c a lp a in  a n d  m -c a lp a in  d id  n o t 

c h a n g e  d u r in g  th e  s to ra g e  p e r io d  in d ic a tin g  th a t  th e  e n z y m e s  w e re  s ta b le  a t  b o th  te m p e ra tu re s . T h e  a c tiv ity  o f  c a lp a s ta tin  w a s  c o n s ta n t in  th e  
first few  w e e k s  o f  th e  s to ra g e  p e r io d  w h e re a f te r  i t  d e c re a s e d  u n til  d a y  123.

T h e  d e c re a s e d  a c tiv ity  o f  c a lp a s ta tin  is  in  a g re e m e n t w ith  K o o h m a ra r ie  (1 9 9 0 ), W h ip p le  a n d  K o o h m a ra ie  (1 9 9 2 )  a n d  D u c k e t t  e t  al. (1 9 9 8 ), 
h o w ev er; th e s e  s tu d ie s  o b s e rv e d  a  m o re  ra p id  d e c re a s e  in  a c tiv ity  th a n  o b se rv e d  in  F i g u r e  1.

M e a t sa m p le s  a re  s to re d  a t  -8 0 ° C  b e c a u s e  c h e m ic a l a n d  b io lo g ic a l  e v e n ts  a re  e x p e c te d  to  b e  n e g lig ib le  a t th is  te m p e ra tu re . T h u s , it is  
su rp r is in g  th a t  c a lp a s ta tin  se e m s  to  b e  u n s ta b le  a t  th is  te m p e ra tu re  a n d  th a t  n o  d if fe re n c e s  is  o b s e rv e d  b e tw e e n  s to ra g e  a t  -2 0 °C  a n d  -8 0 °C .

•g u re  2  s h o w s  th a t  th e  a c tiv ity  o f  th e  m -c a lp a in  s to c k  s o lu tio n  d e c re a s e d  d u r in g  s to ra g e  in  5 0  %  g ly c e ro l a t  4 ° C . W e h y p o th e s iz e d  th a t  th e  
o b se rv ed  d e c re a s e  in  c a lp a s ta tin  a c tiv ity  w as r e la te d  to  th e  c h a n g e s  in  m -c a lp a in  s to c k  so lu tio n . A t d a y  143 th e  a c tiv ity  o f  c a lp a s ta tin  w as  

b e re fo re  a s sa y e d  u s in g  a  n e w ly  p u r if ie d  s to c k  s o lu tio n  o f  m -c a lp a in . T h e  r e s u lt in g  c a lp a s ta tin  a c tiv ity  w as s im ila r  w ith  th e  in itia l lev e ls  
o b se rv ed  a t th e  s ta r t o f  th e  s to ra g e  p e r io d  ( T a b le  1 ). T h e  n ew  s to c k  so lu tio n  g av e  a  4 4  %  h ig h e r  c a lp a s ta tin  a c tiv ity  a t  d a y  143 th a n  th e  o ld  s to c k  
so lu tio n  a n d  th e re  w a s  n o  d if fe r e n c e  b e tw e e n  th e  c a lp a s ta tin  a c tiv ity  o r ig in a lly  m e a s u re d  a t d a y  0  a n d  c a lp a s ta tin  a c tiv ity  m e a s u re d  a t d a y  143 
usm g  th e  n ew  s to c k  s o lu tio n . T h u s , th e  o b s e rv e d  d e c re a s e  in  c a lp a s ta tin  a c tiv ity  d u r in g  f ro z e n  s to ra g e  m o s t p ro b a b ly  is  d u e  to  in s ta b il i ty  o f  th e  
Uk-calpain s to c k  s o lu tio n . T h e  m -c a lp a in  u se d  in  th e  c a lp a s ta tin  a s sa y  is  a d ju s te d  to  0 .2  U /m L . H o w ev e r, th e  d i lu tio n  f a c to r  d e c re a s e d  b e c a u s e  

th ^  a c t ' v ' ty *o ss  d u r in g  th e  s to ra g e  p e r io d . T h e re fo re  in c re a s e d  th e  c o n c e n tra tio n  o f  th e  m -c a lp a in  m o le c u le s  in th e  a d ju s te d  s o lu tio n , u s e d  in  
assay , w ith  in c re a s in g  s to ra g e  t im e  o f  th e  s to c k  s o lu tio n . I f  c a lp a s ta tin  b in d s  to  in a c tiv a te d  m -c a lp a in  in  th e  a s sa y  a n d  th e  in a c tiv e  m -c a lp a in  

b’o le c u le s  th e re b y  m a s k  th e  b in d in g  s i te s  o n  c a lp a s ta t in  f o r  a c tiv e  m -c a lp a in  m o le c u le s , th e n  th e  c a lp a s ta tin  a c tiv ity  w o u ld  a p p e a r  to  b e  less  
n it a c tu a lly  is . T h is  s u g g e s tio n  c o u ld  e x p la in  th e  o b s e rv e d  d e c re a s e  in  c a lp a s ta tin  a c tiv ity  d u r in g  f ro z e n  s to ra g e .

Conclusions
• T’t

8 0 “ e x tra c ta fi*e  n c tiv itie s  o f  p -c a lp a in , m -c a lp a in  a n d  c a lp a s ta tin  f ro m  m e a t a re  c o n s ta n t  d u r in g  f ro z e n  s to ra g e  a t  - 2 0 ° C  an d  
C  f ° r  a t  le a s t  18 w e e k s . T h is  im p ly  th a t  b o th  th e  c a lp a in s  a n d  c a lp a s ta tin  a re  s ta b le  w h e n  s to re d  fro z e n .

•  rp i

e  o b se rv e d  d e c re a s e  in  c a lp a s ta t in  a c tiv ity  is  p ro b a b ly  c a u s e d  b y  in s ta b il i ty  o f  th e  m -c a lp a in  so lu tio n  u s e d  in  th e  c a lp a s ta tin  assay .
‘ T h e

a c tiv ity  o f  m -c a lp a in  s to re d  a t  4 ° C  in  5 0  %  g ly c e ro l  is  d e c re a s e d  to  18 %  o f  th e  in itia l v a lu e  w h e n  s to re d  fo r  18 w eek s .
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-20°C -80°C

Days of frozen storage Days Qf frozen storage

F ig u re  1. A c tiv ity  o f  p -c a lp a in , m -c a lp a in  a n d  c a lp a s ta tin  d u r in g  s to ra g e  a t -2 0 ° C  o r  -8 0 ° C  fo r  18 w e e k s . S in g le  d e te rm in a tio n  a t  e a c h  
p o in t. T h e  s a m e  s to c k  s o lu tio n  o f  m -c a lp a in  w a s  u se d  fo r  c a lp a s ta tin  d e te rm in a tio n  u n til  d a y  123.

T ab le  1. C a lp a s ta tin  a c tiv ity  m e a s u re d  u s in g  o ld  o r  new  
s to c k  s o lu tio n  o f  m -c a lp a in . D o u b le  d e te rm in a tio n  o n  m e a t 
s to re d  a t  -8 0 °C .

O ld N ew

D a y  0 D a y  143 D a y  143

U /g 16.8 11 .5 16.6

sd 1.5 0 .8 0 .8

Days of storage at 4°C
Figure 2. Activity of tn-calpain stock solution.
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