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iSSÎlon of th D
^ ~— -£2g__Proteinases Responsible fo r  the Postmortem Degradation o f M y o f ib r i l la r  P ro tit°*IT,»1̂  y

V  ' MATSUI<urA, T. MATSUMOTO, M. FUJIMAKI and H. KATO
^  U

^ ■ ¡c u ltu ra l Chemistry, Uni v e rs ity  o f Tokyo, Tokyo, Japan

V,’ ha o l
Ŝ eas6s been renn +̂ ,, k

° f f r eeF ■ py many researchers th a t p ro te o lys is  undergoes in  postmortem muscles re s u lt in g  in  both 
^o t^h l rpc1"1 nouac^ s and igopeptides and lib e ra t io n  o f a 30,000-Mr fragment from m y o f ib r i l la r  
W ° 'y ti In th Be^ C . s Sljggest^tha t such degradation o f the pro te ins may be associated w ith  ten de riza tion

three peaks o f the auto- 
bable to  the action  o f a 

3 peak and the pH 4.5 peak were ascribab le  to the ac tion  o f

i f l  t h e  . o u u o  ouk. i i  u c y i a u a u u n  u i  U l C  ( J i U L C I M b  lllcty u e  d b b U L  I

V 4cti\ act i v i t  Previ0^  papers[2 ,3 ] we reported th a t ra b b it ske le ta l muscle showed 
c A s ^  ated neiit^ ?acb wblcb was around pH 3, 4.5 and 7. The pH 7 peak was ascri 

“ tied ;  ar)d to th Pr ° t elnase(CAF)[2]. I 116 PH 3 peak and the pH 4.5 peak were ascr.uau ic uu uic a tu u n  ui 
the tk<0 th in i ne action  th io l p ro te in a se (s ), re s p e c tiv e ly [3 ], Our recent work[4] revealed th a t muscle 

Resent wnbu°^e3nases’ 1 -e ' cathepsins B and L, which were ac tive  in  the a c id ic  pH reg ion.
* W ,ed thosp ^ we Pre Pared cathepsins B, D and L o f a h ig h ly -p u r if ie d  s ta te  from ra b b it ske le ta l muscle 

WhiCh enzymatlc actions towards m y o fib r ils  and the various is o la t  
Ĉ Ss w ith °ne o f those enzymes is  responsib le fo r  the postmortem degradation o f m y o f ib r i l la r  pro te ins 

n normal u ltim a te  pH values(around 5 .5 ).

various iso la te d  m y o f ib r i l la r  p ro te in s , in  order

fct.
MATERIALS AND METHODS<•

grePare j i ] Ĉ ^ onq''sslmus donsi) o f ra b b it was removed from the 
iS.7 c6r i nap„ .the enzymes, m y o fib r ils  and various m y o f ib r i l la r  pro

muscle f ib e rs .

carcass immediately a f te r  s laughter and 
p ro te in s . The psoas muscle was used to

M y o fib r ils  were prepared as described by Vang e t a1 . [5 ] .  Myosin, a c t in ,
I I .  Rees e t a l . [ 7 ] ,  M ueller

resp e c tive ly .

%i ashi tnoponi riD e rs . m yonD rus were prepared as described by Yang e t
et  al rqh and a -a c tin in  were prepared by the methods o f Richards e t a l . [ 6]

»-:L J .......
1A)

■ O fo p ^ J  and Masaki e t al . [ 10 ]
bhtv i7i7j^ ff le a c t i  v i t i  es: Cathepsin L was prepared and i t s  a c t iv i ty  u n it  was determined by the method 

4.L n 4 | .  Cathepsin B a c t iv i t y  was determined incubating w ith  0 .5 mM benzoyl-DL-Arg-0-naphthyl-
0.4mMEDTA and 0 .3 mM d i th io th r e i t o l , 

o f substra te/m in a t pH 6.2 and 37°C.
as p re v i- 
Cathepsin

Presence o f 50mM phosphate b u ffe r contain ing
7  l ?'HciW?s determ"6 u n it  o f the a c t iv i t y  hydrolyzed 1 pmol o f substra te/m in a t pH 6.2 and 37°C. Ca 

7  at buffe r nilned incubating w ith  urea-denatured hemoglobin(0.5 t )  in  the presence o f 50mM sodi_...
4 .o ’ , as Previously re p o rte d [l 1 ] .  The amount o f the enzyme re leasing one yg ty ros ine  equiva lent 

x  „ was expressed as one u n it.
g f ib r i ls  and m y o f ib r i l la r  p ro te in s : The bu ffe rs  used were sodium acetate-HCl(below pH 4.8) 
Pd 5 .0 )• The concentration o f each enzyme in  the tre a tin g  medium was comparable o r lower 

SDs” estlmated fo r  the in  s itu  muscle.
5 7'P ° iy acrylam ide gel electrophoresis(SDS-PAGE) was ca rried  out by the method o f Weber and

KS'QCprn-.. * '*5  or 10 °l npl ç rnn ta in inn  D 1 °l ÇnQ
‘He s®nùirTon:

or 10 % gels conta in ing 0.1 % SDS.
The p ro te in  concentra tion o f the enzymes was determined by the method o f Lowry e t a l .

albumin was used as a standard.

RESULTSii
â L ad-i‘i=^^gwc?3g4!::!--̂-and its Properties
C 65 Pt Sum d to 1 7 homogenized w ith  2 v o l. o f 3 % NaCl so lu tio n  conta in ing 1 mM EDTA and 15mMHCl. 
n ' 6|' natan-i-i W1tb 1 NHC1 , the homogenates were s t i  rred fo r
M l i Ur? t1onw llthe
i j C '1 A 
>3l

A fte r  the
2 hr a t 4°C, and then cen trifu ge d . The

unWfl crude e x tra c t) was fra c tio n a te d  w ith  ammonium s u lfa te . The p re c ip ita te s  between 45 %
> TA(sr>i 4.e.co llec te d  and d ia lyzed against lOmM sodium acetate-HCl buffer(pH  5.0) con ta in ing 0.1 M
i h r  ' U | U t l n n  T U «  J,- 1 , a 4--, r _ _  1____■ o  -tr ........ . . , , .j! ti$j ac tive 1? 11 A ' 7be d la ly sate  was subjected to Sephadex G-75 column chromatography using 

i l S V 25 h9, a lin e a l f a c t io n s  e lu ted  from the column were pooled and subjected to P -ce llu lose  column chroma- 
V V ^ io h  Nacl .  Th 9rad i ent o f NaCl concentra tion in  s o lu tio n  A fo r  e lu t io n . The a c t iv i t y  was e luted

lottos* most ac tive  f rac tion s  were pooled and subjected to Sephadex G-100 column chromatography a f te r  
%  *V 9"foiaf  lt’Psclpt  acb^ve fra c tio n s  elu ted from the column were used as the p u r if ie d  cathepsin B. One 
V ^ih^ led  P u rif,7 s J ave 68 P9 o f the p u r if ie d  enzyme w ith  a s p e c if ic  a c t iv i t y  o f 45.3 u n its /m l. Approxi-
1 vltlrj mh,* , P n -i j 1 C3 M fin l>nr rtiip/J f  1AP P, 4-U., MU. . J » M.. i... M _ i. . .Z X L _ . _ _ . . _____1 1 . . i i r* a /■ m HA . I I M r. MV a  i'v  tbat th PC atl° n .was achieved from the crude e x tra c t w ith  an ove ra ll y ie ld  o f 3.6 %. Although SDS-
l's V,'V t i Y it6)(ai,iined pu!"',' f i ed enzyme was contaminated w ith  im p u r it i“  ------------------ta '-- - '  "

p Was s t "b l^ be opblmum ^or hyd ro lys is  was aroun

37°C fo r  
cathepsin B

es, some p rope rties  o f the enzyme were
mi-a STaK1 . . - . ----- ■—  around 6.2 . On standing a t 37°C fo r  3 hr the
X  i?th6p0|!lP le te iv -eL.a t . pH 6 -? ’ but lo s t  by 80 % a t PH 7- The Mr was between 20,000 and 30,000. The 
7  ho eri^P 8[ l4 ]  ln b ''b'lted  w ith  0.1 mM a n tip a in . These p rope rties  are very s im ila r  to those o f o ther

« wasbntained f r o 1" the P -ce llu lose  column was incubated w ith  m y o fib r ils  a t pH 5.0 and
p % o f ihJ ? r ved W1pb d-Pe SDS-PAGE o f the trea ted  m y o fib r ils ,  in d ic a tin g  th a t muscle c 

P i l l a r  p ro te ins .

¿ U LP and i t s  a c t ion t owards myofi b r i l l a r  pro te insmuspnr mh4-i___ n -p . U.--U1./______.-p.-.M--- K----- —
,muscl

S 3 t l i l%  hLd wi th kept a t 0.1 M K
aboVp°tpha^eaFep° ne. The p re c ip ita te s  between 33 % and 55 % acetone were co llec te d  and dia lyzed 

Set)bliffe r  tk„  pt ! .7 ,0 ] /  Tbe d la ]y sate was subjected to DEAE-Sephadex A-50 column chromatography

Vf
V ! ct 'r*"itnnCve-,powder Prepared by the method o f S traub [15 ],' * nk up x-.mn/’n o o/\ __r-____  , ■

lf id itniPMi,?c^e cathepsin D o f a h ig h ly -p u r if ie d  s ta te  using three kinds o f s ta r t in g  m a te ria ls ,
^̂ ____ ^   ̂ ^ lllwwilw>- wi ^ L , ^ j KC 1(2

X -lb0(0 .2  % j-extracts  from the KC l-extracted residue.
-e x tra c ts  o f whole muscle 

The acetone-dried muscle powder
The enzyme was extracted from th is  m ateria l w ith  0.2 mM ATP. The crude 

KC1 fo r  30 min to a llow  a c tin  to polym erize. The polymerized a c tin  s o lu tio n

{¡Ht"JtogJ; hctsPbadex r -,Ibe ac tive  fra c tio n s  e lu ted w ith  the b u ffe r conta in ing 0.12MNaCl were pooled and then 
5Phy Ve f ra c t in  column chromatography using lOmM sodium acetate-HCl buffe r(pH  4.0) con ta in ing  0.1 M 

Tbe af-l?ns e lu ted the column were pooled and subjected again to Sephadex G-100 co ltWa»» V6 frartinnc AKfainorl K\/ r r+nn i.iama h»a/I /» 4- U a »»—    r nr n/inr
en2ymiWas a'<si’nV? f ra c t l ' ons Obtained by th is  step were used as the p u r if ie d  enzyme. SDS-PAGE revealed

wi.s ing le  po lypeptide chain o f 42,000 da ltons. 
s p e c if ic  a c t iv i t y  o f 74,900 u n its /m l.

One hundred grams o f muscles gave 15 
A 1340-fo ld p u r if ic a t io n  was achieved

U9 o f 
from
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■B ,Mr(K)
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-95

Enzyme 
(u n its /m l)

Prote in 
(mg/ml)

pH

118

Myofi b r i1 
2.5

3.0

Treatment tim e(h) 6 

Gel(%) 7.5

108

Myosin
0.29

3.4

5

5.0

108

Troponin
0.50

3.0

0.5

7.5

323

Tropomyosin
0.41

3.0

15

7.5

120

0.09

F ig . l .  SDS-PAGE patterns o f the m y o fib r ils  and the iso la te d  m y o f ib r i l la r  pro te ins trea ted wi (for 
a t 37°C and around pH 3 in  the presence o f 20 mM sodium acetate-HCl b u ffe r con ta in ing 0.1 M N“  ge ' 
m y o f ib r i l ,0.18 M NaCl; fo r  myosin, 0.6 M NaCl) and 10 mM NaNg. Other cond itions fo r  treatment 
concentrations were ind ica ted  below each gel.
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Enzyme - + + + + ioo
(u n its /m l)  200 140 50 80

a-Acti'
P rote in M y o fib r il Myosin A ctin Troponin 0.26
(mg/ml) 1.5 0.45 0.24 0.6

22
Treatment tim e(h) 22 22 8 0.5

7.5
Gel (SO 7.5 5.0 7.5 10.0 ■r

ith.ca o UF ig .2. SDS-PAGE patterns o f the m y o fib r ils  and the iso la te d  m y o f ib r i l la r  pro te ins  treated ^ ¿ siri!
a t pH 5.0 and 37°C in  the presence o f 10 mM T ris -a ce ta te  b u ffe r conta in ing 0.1 M NaCl ( f ° r  r . r  t r e8 
NaCl), 0.3 mM d i th io th r e i t o l , 1 mM EDTA, 5 mM NaN3 and 0.1 mM pepsta tin . Other conditions 
and gel concentrations were ind ica ted  below each gel.

thf
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‘■VnÜ.^tri
Wlth an overa11 yield of 4-° %-

' V s at  phv i  the p u r if ie d  cathepsin D was around 3 fo r  hemoglobin h yd ro lys is . The enzyme hydrolyzed 
j 6 ep, Ca- 3o onn 6 ’ °Ptin la r |y abound pH 3, re s u lt in g  in the degradation o f myosin heavy chain and the produc- 
(¡'1 she de9rad ri r  1T a9ments(F i9-T ) • 0n incubation w ith  various iso la te d  m y o f ib r i l la r  pro te ins a t pH 2-6, 
t Ned s d 0Pt ',' mal l y  around pH 3 myosin heavy chain, tropon in , a -a c tin in  and tropomyosin but not a c tin . 
A  to i? I 55 nnnra^a t^on mode eacb Pro te ''n around pH 3 revealed w ith  SDS-PAGE. The myosin heavy chain was
)tiV  the e n z v ^ '’ ^ 0 ,0 0 0 - ,  110,000- and 90,000-Mr fragments. Troponin T and troponin 

1 ai*L >000 = j tdan troponin C. The p ro te o ly tic  products from these pro te ins showed :noi,nu
to

I were more suscep-
.„uu a . .....  - .  i------the Mr o f 33,000,

l0Pgh no a =>000. Tropomyosin was degraded to ca. 30,000-Mr fragments. a -A c tin in  disappeared from the 
c lear degradation product was observed on the ge l.

[A  „IPsinT~-r-~-°J cathepsin L towards m y o f ib r i l la r  p ro te i 
n and ^ r ° lyzed m y o fib r ils  a t pH 3-7, o p tim a lly  aroaround pH 4, re s u lt in g  in  the degradation o f myosin

C1 l)ot\at  PH^3^e Product io n  o f a 30,000-Mr fragm ent(F ig .2 ). On incubation w ith  various iso la te d  m y o f ib r il la r  
*1 ho °Ponivnc• ’ tbe enzyme degraded o p tim a lly  a t pH 4-6 myosin heavy chain, a c t in ,  troponin and a -a c tin in  ci°sin. -  - ...............

I PlVii Chai t hvH„,.i

I
,r. .. „ chain"' fr‘19-2 shows the degradation mode o f each p ro te in  a t pH 5 revealed w ith  SDS-PAGE. The

11|| N S  p >000- = de9raded to 160,000-, 92,000-, 83,000- and 60,000-Mr fragments. A c tin  was hydrolyzed to 
1 80son The m ^ ,0 0 0 -M r fragments. Troponin T and troponin I were more susceptib le  to the enzyme than 

’ uH'Mr f,, r  ° f  the major p ro te o ly tic  products from them were 13,000 and 30,000. a -A c tin in  was degraded 
xfhoi ra9ment.

Ch
in  m y o fib r ils  on treatm ent w ith  cathepsins D and L 

5_g w®re incubated w ith  cathepsin L a t pH 4-7 and 4°C, the fragm entation o f m yofib ri 
to >  gi did not , with  a phase-contrast m icroscope(Fig. 3 ). On the o ther hand, the treatm ent w ith 
'lopcti'a ciriated ?bou1: tbe fragm entation o f m y o fib r ils (F ig .3 )

Is  was 
cathepsin D

• ^icroc •■■«'»'-ic i luerb were ureci ueu w itri edtriepbin l d i  pn o. d emu j / u ru r  10 n r driu urieri buujeu
and d is$°Plc  observation. The re s u lt  demonstrated th a t cathepsin L degraded Z - lin e  and M -line  o f 

curbed the la te ra l arrangement between m y o fib r ils (F ig .4 )

muscle f ib e rs  were trea ted w ith  cathepsin L a t pH 5.5 and 37°C fo r  16 hr and then subjected

s>Xent
DISCUSSION

s°me bas demonstrated th a t two in tra c e l lu la r  acid proteinases o f muscles, cathepsins D and L, 
r o l ^ i b r i l U r  pro te ins  and lib e ra te  30,000-Mr fragments from m y o fib r ils .  Since CAF is  also 

-  the r S°ma my ° f i b r i l l a r  p ro te ins  and lib e ra te  a 30,000-Mr fragment from m yofib ri 1 s [ l 6] ,  we must 
\ ] ^  addr'-° f  my0?ni r ib u tio n  ra te  ° f  those three enzymes to determine the enzyme responsible fo r  the postmortem 

I V  6 bou, 1b ra is ^b ri i l a r  p ro te ins . We prev ious ly  reported th a t the ra te  o f p ro te o lys is  was lowest around 
C\ ^ t h ê enat6s?d as increasing o r decreasing o f the pH from 6.3 on storage o f e ith e r  in  s itu  muscles[17 ] or 

\ t e  i n L is  ' Since normal u ltim a te  pH o f meats is  around 5.5 , i t  is  thus most reasonable to conceive 
^dch to t u0re opera tive  in  those meats than the o ther two enzymes. Cathepsin D and CAF probably

the p ro te o lys is  in  the meats w ith  an extrem ely-low u ltim a te  pH(some o f PSE meats) and in  the

\ 3V V
\ > ) (

siini as in Fi

micrographs o f the m y o fib r ils  incubated w ithou t (a) and w ith  cathepsin D 

cathepsin L(300 u n its /m l) (c )  a t pH 5.5 and 4°C fo r  6 days. Other conditions
9s . 1 and 2 .
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a b

p e ^ j

F ig .4. E lectron micrographs o f the g lyce rina ted  muscle f ib e rs  incubated w ith  (a) o r w ithou t (b)
cathepsin L(250 u n its /m l) a t pH 5.5 and 37°C fo r  16 h r. Other cond itions were the same as in  F ig •  ̂ ,  y c  ■
meats w ith  a high u ltim a te  pH( DFD meats), re sp e c tive ly . This conception is  supported by the result? jj of ^  
and Ferguson-Pryce[l8 ] who measured the pH-dependence o f the troponin T-degradation ra te  on incubat1 
muscle homogenates. w1-th

The weakening o f Z - lin e  during cond ition ing  is  assumed to be one o f the major changes associating ”  t „  
te n de riza tion  o f meat. This change is  substantia ted by the fragm entation o f m y o fib r ils .  CAF is  5h°^rated it
degrade the Z - lin e  re s u lt in g  in  the fragm entation o f m y o fib r ils [1 6 ].  Now cathepsin L is  also demons
cause such a change. On the o ther hand, cathepsin D seems to be less responsib le fo r  such a change» 
does not cause the fragm entation o f m y o fib r ils .  Therefore, i f  the weakening o f the Z - lin e  in  the P° si<\c? 
muscle is  due to the action  o f a pro te inase, cathepsin L should be more responsib le fo r  i t  than CAF. 
former has an optimum pH nearer to the muscle u ltim a te  pH than the la t te r .

CONCLUSION

On the basis o f a l l  the re s u lts  obtained so fa r  by us and o ther researchers i t  can be concluded 
L is  more responsib le than the o ther known muscle pro te inases, i . e .  CAF, cathepsin B and cathepsin 
postmortem degradation o f m y o f ib r i l la r  pro te ins in  the muscles w ith  normal u ltim a te  pH values.

that 
D» 'for

peP5tl>e
in
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