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In troduction

Meat cond ition ing  is  a complex process. One mechanism postulated to  be
im plicated in  th is  process is  the enzymatic pro teo lys is  o f 11 ar
p ro te ins. Although very lim ite d  in  post mortem muscle, p ro teo lys is  seems to  be 
in te rre la te d  w ith  post mortem changes and tenderness ,5
supported by the s ig n if ic a n t re la tio n sh ip  found between some biochemical 
m odifica tions occurring in  the m y o fib r illa r  s truc tu re  and the reduction in 
toughness '  .

At least two in tra c e llu la r  systems o f proteinases may be ^ ° ' ved 
tenderis ing  process o f meat. The f i r s t  one is  composed o f two calcium -activated 
neutral proteinases (CaANP) now ca lled  calpain . Their e ffe c ts  " " W O ^ b r t l la r  
p rote ins as w e ll as th e ir  a b i l i ty  to  mimic several s tru c tu ra l and b iocherac^ 
post mortem changes a ffe c tin g  the c o n tra c tile  s truc tu re  are we ll documented 
The second one is  the lysosomal complex. Cathepsin D (aspartic^ proteinase) and 
cathepsin B (cysté ine protéinase) are the f i r s t  lysosomal proteinases to have 
been well characterized. Over the la s t few years, a t le as t s ix  more cys te ^e  
proteinases have been described the main ones being cathepsin L andi H . 
Several works have aroused considerable in te re s t in  the re la t  V ^ J ^ i h r i  l i a r  
lysosomal enzymes might have to  the post mortem a lte ra tio n  o f Jhe f ) j ° f  jb r i  l l a r  
components and to  the tenderis ing  of meat during c o n d it io n in g ,^  18_19 . m is 
has been strengthened by the p ro te o ly tic  action o f cathepsin 0 •
g io . iO  an(j 20 e-j^her on m y o fib r ils  or on iso la ted  m y o fib r illa r  p ro te ins.

This work was undertaken in  order to  study the p ro te o ly tic  action o f J-athepsins 
B D, H and o f new high molecular weight cyste ine proteinase (ca lled  by mistake 
cathepsin L in  the summary) p a r t ia l ly  p u r if ie d  from ra t  l iv e r  ' "  . ^ î d ^ w i t h  
from both rabb it and bovine muscles. The re su lts  are discussed in  regards w ith  
both the CaANP and the post mortem ageing efects  on bovine and ra bb it muscle 
m yo fib r iIs .

Mate r ia ls  and methods 

- M ateria ls

Samples o f about 300 g were cut from bovine Longissimus dorsi (LD) at the level 
o f the 10th r ib  and Rectus abdominis (RA) muscles 2 hours post mortem and were 
used immediately to  prepare m yo fib r ils  according to (21). One rabb it 
Longissimus dorsi (LD) muscle was excised ju s t  a fte r  slaughter and m yo fib r ils  
were also ra p id ly  extracted.

The l iv e r s  o f 20 male Sprague Dawley ra ts  k i l le d  by decap ita tion  were qu ick ly  
removed, washed in 0,02 M Tris-HCl bu ffe r pH 7.4 containing 0.25 M sucrose, 1 
mM EDTA and used to  prepare the lysosomal enzymes.

Three main peaks o f p ro te o ly tic  a c t iv i ty  were resolved by gel 
1). The P, fra c tio n  cleaved mainly 2-Phe-Arg-N-Mec and e x h ib it“  and ha 
weight of k  Kd (K ilo d a lto n s ). The P2 frection degraded haemoglob^ze() z.ph
Mw of 42 Kd. F raction Pv  which had a Mw of about 25-30 Kd y 
Arg-N-Mec, Z-Arg-Arg-Napf BANA and Arg-Nap.

3 - P u rific a tio n  of cathepsin D_ ini

The pooled P, fra c t io n  was concentrated by w ith t»M j
CX 10 M in iè r e  membrane and applied on a CM-Sepharose lySin9 * t»' 
conditions as fo r  the 55 Kd proteinase._ The^haemog^obin^hydroj^^ 1
was aluted in the unretarded f ra c t io n . This p jo te in a w  s put 
requirements and was to ta l ly  in h ib ite d  by 5 10 M pepsta

A
- Preparation of the enzymes

Enzvmes were p u r if ie d  as described in the fo llo w in g  section from an enriched 
fra c t io n  of lysosomes prepared from ra t  l iv e rs  according to  ( hu ffe r^  dH 5 8 
were homogenized in 0.6 volume o f 0.03 M sodium phosphate bu ffe r pH 5.8 
conta in ing 0.1 % t r i to n  X - 100 and then frozen.

- Measurement of enzyme a c t iv i t ie s

The assays fo r  N-Benzoyl-DL-Arginine-2-Naphthylamide ( BANA), N' Car b° ra in i 
A rginine-L-Arginine-2-Naphthyl amide (2-Arg-Arg-Nap) and t  a rg in ine  2 
Naphthyl amide (Arg-Nap) were carried  out according to (23) and (24). The 
a c t iv i ty  against N-Carbobenzoxy-L-phenyla lanyl-L-Arg-^1e-4 a c t iv i ty
coumaryl ami ne (Z-Phe-Arg-N-Mec) was performed as decreed in  (25). A c t iv ity  
against haemoglobin was followed as previously reported .

- Enzymatic treatment o f m yo fib r ils

M vo fib riIs  (40 mq of pro te ins) were incubated w ith  the d iffe re n t enzymes at 
30°C in  0 05 M sodium phosphate bu ffe r pH 5.8, 1 mM EDTA, 10 mM d i th io t re i to l 
(OTT)! l  mM NaN' fo r  1 hour. For cathepsin D, DTT was omitted and the 
incubation was ca rried  out fo r  6 hours.

T ri s-H C ^buff er T g l y c ^ o u l  t  Todiurn5 d o d W l" su ifa te
(SDS) and heated at 100°C fo r  5 min.

-  E lectrophoresis

Electrophoresis o f the m y o fib r illa r  prote ins was perfofijed ^ “ ^ '" „V a s e ^ lS  2 
12.5 % polyacrylamide slab gels as previously reported . In every case, is ug 
o f p rote ins were loaded in to  the w e lls .

-  P rotein concentration

^ . .v . - t io n  of m y o fib r illa r  proteins was determined by 
method4-' w ith  bovine serum albumin as a standard.
The concentrate

uiif ii Kn

Results

P u rific a tio n  o f the lysosomal proteinases

1 -  Gel f i l t r a t i o n  on. Sephadex G 75

The frozen lysosomal homogenate was thawed, centrifuged at 10CI 000 g fo r  60 
min. and the supernatant was adjusted to 80 » sa tura tion  N̂HA li St° 4 L , , . i *  
D rec io ita te  was dissolved in  a minimum volume o f 0.03 M sodium phosfilfate bu ffe r 
K 5 . 8  0.05 * trU o n  X - 100 (bu ffe r A) and dialysed against
This so lu tion  was c la r i f ie d  by « n t r ifu g a t io n  and applied on a Se£a* > S ™ 
superfine column (90 x 2.5 cm) p re -equ ilib ra ted  w ith  bu ffe r A. Proteins were 
eluted at a flow  ra te  of 10 m l. h T and fra c tio n s  o f 5 ml were co llec ted .

leupeptin  or HgCl,. The p a r t ia l ly  p u r if ie d  proteinase was the e f a„ 
as cathepsin 0 St pH 3.5 and 37°C, one u n it o f cathepsin D caus 
in  the 0D 280 nm o f 0.001 absorbance u n it per hour.

4 - P u rific a tio n  of cathepsin B and H. by chromatofocusing.

FRACTION NUMBER

p ,r>C\
Fid. 2 : F.P.L.C. rhromatofocusinq on a mono P.column of the 3
oil tee) and a c t iv it ie s  against Z-Phe-Arg-N: Mec i *  K .Z -A rg - y j
Arq-NanT  arid B*N> I  *  ) were J tW I tS ir  # j(1ÿ „

The pooled P, fra c tio n  was dialyzed against 0.05 *  t r i to n  X 10 -» 1 ■ /  
• phcftphate ions and concentrated by 

ipore membrane. Samples of 1.5 m
___4 -  d l l  r n r O - O n i l l  1 1 h  1" A t  P f( _ .  ...............  _

Polybuffer 74 d i lu f ^ (gflt

The pooled P, fra c tio n  was dialyzed against 0.05 * t r ®  * 1th 0 
e lim inate  phosphate ions and concentrated by u l t r a f i l t r a t io n  (idn, 
CX 10 M illip o re  membrane. Samples of 1.5 ml were applied on ‘  1f -

ÍÄ l |
CX 10 M illip o re  membrane. Samples of 1.5 ml were applied on “ j e - fl H 
of a Pharmacia FPLC system p re -equ ilib ra ted  w ith  25 mM 7 ' mÀ.?Î?ed 1° 
pH 7,0 conta in ing 0.05 » t r i to n  X 100. Polybuffer 74 <I11U pt 
adjusted to pH 4.0 .and to  0.05 » t r i to n  X 100 was used as an ,
ra te  of 0.9 ml min and fra c tio n s  o f 0.8 ml were co lle c te d .

fi1As shown in  f ig u re  2, three peaks o f a c t iv i ty  against AFg-Jlap J  ii 
7.2, 6.0 and 5.9 respective ly , the f i r s t  one **1 ng Pr ed°mi ^  y  z
fra c tio n s  required a th io l ac tiva to r and werg
concentrat i  oniT o f^  leupeptin ' were" higher than 1 0 -  H 
ra tio  fo r  Arg-Nap to  BANA was found. According to  (28 h  tn e s ,BIr a t i o  TUf m i y - n a p  ~ -------- ------
id e n t if ie d  to  cathepsin H and pooled together, 
cathepsin H caused an increase in  the nn *.?n 
min. w ith  the Arg-Nap as substrate.

t " “  i
□einer. At pH 6.Ö and 31 ugfltf
0D 520 nm of 0.-001 abso»
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^  P® k
frUted at pH°VC iiV U y towards Z-Arg-Arg-Nap, BANA and Z-Phe-Arg-N-Mec were 
lo tion  re . 5 and 5.25 respective ly  the la s t one la rg e ly  p re va ilin g . The two 
4 ^ a a c tiva to r and were in h ib ite d  to  50 % by less than
catw •' . According to  th e ir  substrate s p e c if ic ity ,  th e ir  e lu tio n  pH
ffij'TeP$in gZgensif i v i t y  to leupeptin , these fra c tio n s  were id e n t if ie d  to 

"’in '1 ‘ , 0ne un iT o f cathepsin B degraded one umol. o f Z-Phe-Arg-N-Mec
. at PH 6.0 and 37*C.
*

aoai pe0k ac t iv i t y  towards Z-Phe-Arg-N-Mec w ithout any associated 
6 acti v i t y ^ " Ar,9-A»”g-Nap was eluted at pH 5.8 - 5.9. This cathepsin-L-

negligeable and was not considered in  th is  work.

liLevery

action  o f these lysosomal proteinases on ra b b it and 
°°vine muscle m y o fib r ils

of |!ePsin o f, ’ _ mg of m y o fib r illa r  prote ins were incubated w ith  16 U of
CathePsin h 0; °  u o f cathepsin B or 0.18 U o f the 55 Kd proteinase or 35 U

n- The experimental conditions are given in  the previous section .

athepsins B (b ),  H ( f ) ,  D (q) and o f the 55 Kd proteinase 
bovine RA (2) muscle m vu o fib r iis . Control m yo fib r ils

enzyme in  presence o f DTT fo r  one hour (a) or  in  th e absence

an  myosin heavy chain (MHO. C-protein (C -P r). 
l Ac),__ troponin (TN), tropomyosin (TM) and myosin l ig h t

Cathepsin B had only a s lig h t  action on MHC and at least three h yd ro ly tic  
components w ith  Mw of about 130, 120 and 95 Kd could be detected ( f ig .  3.2b).
This enzyme was much more e f f ic ie n t  on the lower Mw porte ins where TN-T, B-TM, 
TN-I and LC 1 were digested. Concomitantly the appearance of a 27 Kd component 
alone was noted.

Cathepsin D hydrolyses p re fe re n tia lly  MHC and as the MHC content decreases, an 
increase in  the concentration o f two components w ith  a Mw of 130 and 120 Kd as 
we ll as four other ones w ith  Mw in the range o f 80 to  95 Kd was observed 
( f ig .  3.2g). The action o f cathepsin D on MHC was very s im ila r to  th a t reported 
fo r  the 55 Kd proteinase. By con tras t, only a l i t t l e  e ffe c t was noted on the 
lower Mw prote ins in  sp ite  of the presence o f the 27 Kd component.

In cathepsin H trea ted m y o fib r ils , the main change observed was the apperance 
of a 27 Kd breakdown product.

Discussion conelusion

The re su lts  o f th is  study show tha t the 55 Kd proteinase, cathepsin D and 
cathepsin B degrade both ra bb it and bovine muscles m y o fib r ils  under post mortem 
pH cond ition  (5 .8 ) causing a breakdown of MHC and of other lower molecular 
weight p ro te ins . I t  also appears tha t whereas cathepsin D hydrolyses mainly the 
high Mw m y o fib r illa r  p ro te ins, cathepsin B degraded p re fe re n tia lly  the lower Mw 
p rte in s . The 55 Kd proteinase digests almost a l l  the prote ins whatever th e ir  
Mw. By con tras t, cathepsin H hardly a ffe c ts  m y o fib r ila lr  p ro te ins , but i t  is  
possible tha t the experimental cond itions used here are not well adapted. 
Therefore, fu rth e r studies are needed. However, these re su lts  conforts the 
find ings  o f (20) which show th a t, as opposed to cathepsin B, cathepsin H was 
unable to  degrade ac tin  suggesting tha t prote ins are not good substrate fo r  
th is  la s t proteinase.

In the high Mw region, cathepsins D, B and the 55 Kd proteinase digested MHC 
from both bovine and ra b b it muscle m y o fib r ils . Regarding, the p ro te o ly tic  
fragments Mw obtained w ith in  animal species, these proteinases have qu ite  
s im ila r s p e c if ic it ie s .  However, d ifferences between species could be noted. 
These d iffe rences might arise  e ith e r from the v a ria tio n  in  the myosin 
isoenzymes content o f these muscles or from the animal species. MHC p ro te o ly tic  
components appearing in  e ith e r bovine RA or LD trea ted m y o fib r ils  are id e n tica l 
in  sp ite  of th e ir  d iffe re n t myosin isoenzymes content and metabolic type. So, 
the species is  l ik e ly  to  be the main fa c to r  o f v a ria tio n  in  the s p e c if ic it ie s  
of these enzymes.against these two m y o fib r illa r  substrates as demonstrated 
e a r lie r  fo r  CaANP . In comparison w ith  cathepsin D and as reported by (18), 
cathepsin B has a lower e ffe c t on MHC.

During post mortem storage o f meat, the appearance of s im ila r high Mw 
p ro te o ly tic  components-n h.a*e been reported .mauily in  High temperature 
conditioned bovine * 0 and rabb it muscles’5* '  . In meat stored at low
temperature, these components were scarcely seen ( f ig .  3.1 and 3 .2d ,e ). As 
shown by (15), the concentration of these components increases w ith  the 
temperature of storage and consequently w ith  the ra te  o f pH f a l l  suggesting 
tha t th is  p ro teo lys is  is  e sse n tia lly  due to  the action of the lysosomal 
proteinases. Nevertheless, CaANP was able to  generate some o f these breakdown 
products0 . Furthermore, the appearance of a 95 Kd component e ith e r in
conditioned beef or in  CaANP trea ted bovine muscle m y o fib r ils  has been reported 
by (31). In post mortem beef muscle, a component o f s im ila r Mw (95 Kd) has been 
id e n t if ie d  to  the myosin subfragement 1 (S I) 3 suggesting tha t some o f these 
high Mw h yd ro ly tic  fragments might a rise  from MHC.

action  on ra b b it LD muscle m y o fib r ils

K  J - lb )*CS?s to  a lte r  the high Mw m y o fib r il la r  prote ins only s lig h ly  
thVe i  K ^ tè in  VertHeless, p ro te o ly tic  breakdown products can be detected ju s t 
ck* Othlr ° f a c tin in  on SDS-polyacrylamide gel e lectrophores is . They

Rfs. /u. , 130 Kd fo r  the f i r s t  one and in the range of 80 to 95 Kd fo r
I 'm  'HNC) lea«t ----------*  *U---------------* -------------------------------- ..........
% a>* f»-■ sine eaSt some these components might org inate from myosin heavy 

II|aihf^a9 l̂ente, w ith  a Higher cathepsin B to m y o fib r illa r  prote ins ra t io ,  
?f°fibMi°n®s ha appear concomitantly w ith  the decrease in the MHC content. 
¿ °fi( jJ ]U r ve a o f 130 Kd and 95 Kd. Cathepsin B degrades the lower Mw 

* t r a °  i  ns more ex tensive ly . Thus, in cathepsin-B-treated
foment disa P°n i" T’ B-tropomyosin (TM), TN-I and TN-C have almost
K^in i.  with Peared* At tPe same time, the appearance of two p ro te o ly tic  
n°$e oh 9ht cha* ^  27 and 26 Kd and an incr6ase in the in te n s ity  o f the

>, °SerVed sVn 3 3) can be noted. These changes are very s im ila r to
* 5S 1n stored rabb it meat ( f ig .  3 . Id ).

§ 5 *  »"-protel1int rn°r e Vpy*1nas® e ffe c ts  the high as well as the low Mw m y o fib r illa r  
4 4 with + IS ive ly than cathePSin B ( f ig .  3 .1c). Decreasing in  MHC is
ih ° f  aho + decease in  the content o f two main p ro te o ly tic  fragements 

lower 130 Kd and 95 Kd respec tive ly . TN-T, B-TM, LC 1, TN-I, TN-C 
V  l°n Period te n t ’ ? are de9raded. As fo r  cathepsin B, fo r  shorter 

a l esser °S ° r  l ° wer proteinase to m y o fib r illa r  p rote ins ra t io ,  a 27 Kd 
extent a 26 Kd components have been observed as in  conditioned

5i
9. e.° f  the^6 55 Kd Proteinase, cathepsin D digests MHC and causes the

> t n \ 19)."e Ac0me H ydro ly tic  products of Mw 130* and 95 Kd respective ly  
cHh ^ '1  V J W - 5 t0  the l ° wer M* m y o fib r illa r  p ro te ins , cathepsin D
S P|1n

+- these. proteinases, when the conditions (incubation time

He f  regards to  the lower ....... v .... _____ r _____ _ ___
and ef f ic ie n t  than both the 55 Kd proteinase and cathepsin u a 
0 t r ea*t0H a lesser extent, TN-T and LC 2 decrase in  in te n s ity .  

eachled.m y o fib r ils ,  only the presence o f the 27 Kd component

since 
In

component was

» t ,  which1- - pr0te ins r a t io ) are not we ll adapted, the 26 and/or the 27

■'hs H
appear tra n s ie n tly  can be to ta l ly  absent. 

Hydrolyses m y o fib r illa r  proteins

N ,L!yti

to "J,u,'wiy*e» iiiyut io r  i 11 ar prote ins since, none of these 
De a lte red . Only a 27 Kd breakdown component can be seen.

- . c acti

^1® LD lysosomal proteinases studied have s im ila r e ffe c ts  on
Iht, *o f ib r iic  , RA muscle m y o fib r ils ,  only the re su lts  obtained w ith  RA 
^0f5s kd w111 be considered.

bwH'Wi!* ^fi°qein?se causes a large decrease in the MHC content of these 
r0r|®rit °mponPr,? *2c^  As Is degraded the appearance o f two p ro te o ly tic  

"W* wUh kv,15 w ith  ^  ° f  about 120 and 130 Kd is  observed. Five other 
m alson ^  ranging from about 70 to  95 Kd can be seen below

on on bovine ra museje m y o fib r il^

t -a c tin in .
Murith  the H ydro ly tic  products generated by th is  enzyme from 

muscles MHC is  s p l i t  in to  a la rger number of

JN
1 arger 
Mw prote ins very55 Kd proteinase also digests the lower 

J » B-TM, LC 1, TN-I, TN-C and to  a lesser extent LC 2 have 
' disappeared. As fo r  rabb it muscle n iy o fib r ils , a 25 Kd— r  — ■ — — • v . I vi/M I ,  m u j v  I ç  ii i jwi I ui I I a  ,  a  L .
s<ently observed in well-adapted experimental cond itions.

W hereas^-actin in  is  unaffected in  cathepsins D, B and H treated m y o fib r ils , 
th is  pro te ins seems to  be hydrolyzed by the 55 Kd proteinase ( f ig .  3.1 and 
3 .2c). For a long tim e, the disappearance o f ^  -a c tin in  in  post mortem muscle 
has been very questionable . Recently, a q u a n tita tive  decrase in o (-a c t in in  has 
been reported in  beef a fte r  prolonged incubations at 37°C but nearly not at 
4°C. In these cond itions , the degradation o f th is  pro te in  is  l ik e ly  due to  the 
action o f the lysosomal system since, i t  has been shown th a t CaANP caused a 
release o fb ( -a c t in in  from the Z - lin e  w ithout any hydro lysis .

In the lower Mw region (below a c t in ) ,  the 55 Kd proteinase and cathepsin B 
degrade most o f the prote ins and morelfs p e c j^ lly  TN-T and TN-I which are known 
to disappear in  post mortem muscle0’ lu ’ . The degradation o f TN-T has been 
conrionly a ttr ib u te d  to  the action of CaANP. These re su lts  show th a t th is  
pro te in  can be hydrolyzed by at least two a c id ic  proteinases in  both ra b b it and 
bovine muscle m y o fib r ils . In con tras t, cathepsin D a ffe c ts  only s lig h ly  these 
low Mw prote ins whereas cathepsin H has nearly no action .

In rabb it and bovine muscle m yo fib r ils  trea ted w ith  any of the lysosomal 
enzymes studied the appearance of a 27 Kd component was noted although only 
tra n s ie n t ly  in m y o fib r ils  incubated w ith  cathepsin B, D and the 55 Kd 
proteinases. In ra b b it m y o fib r ils , cathepsin B and the 55 Kd proteinase also 
generated a 26 Kd h yd ro ly tic  product s im ila r to  th a t observed in  conditioned 
meat ( f ig .  3.1 and 3.2d). As previously reported , CaANP released the 27 Kd 
component alone in  ra b b it m yo fib r ils  whereas a 30 Kd and a 27 Kd products are 
observed in both bovine RA and LD CaANP treated m yo fib r ils . I t  appears 
the re fo re  th a t the two p ro te o ly tic  systems have qu ite  s im ila r e ffe c ts  at least 
on ra bb it m yo fib r ils .

In th is  range o f Mw the appearance o f two predominant h yd ro ly tic  components 
w ith  Mw of 27 and 26 Kd has been shown to  occur in post mortem rabb it muscle 
whereas in  bovine LD muscle the main p ro te o ly tic  fragments have a Mw of 30 and 
27 Kd respective ly  u ( f ig .  3.1 and 3.2e). In bovine RA muscle stored fo r  ten 
days at + 4/+ 5°C, the presence of a 27 Kd component was observed whereas the 
30 Kd was nearly to ta l ly  absent. Thus, these re su lts  support our e a r lie r  
find ings  and show tha t i f  we want to  explain a l l  the changes occurring in the 
m y o fib r il la r  s tru c tu re  during meat cond ition ing  a cooperative action of the two 
p ro te o ly tic  systems w i l l  have to be considered.
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